I 



SOCDtlEIlT BESOHE 



ED 135 612 

AOTHOE 
TITLE 



INSIITUTIOM 

EEPOET NO 
PUB DATE 
NOTE 

AVAILABIE fEOK 



EDBS PRICE 
DESCBIETOfiS 



SB 021 978 

Collins, rrederic W. 

Science at the Bicentennial: a Beport from the 
Research Community. Report of the National Science 
Board/1976. 

National Science Foundation, Washington, D.C. 
National Science Board. 
NSB-76-1 

154p.; Not available in hard copy due to marginal 
legibility of original document 

Superintendent of Documents, O.S. Government Printing 
Office, Washington, D.C. 20*102 (Stock Number 
038-000-00280-5, $2.95,) 

MP-$0.83 Plus Postage. HC Not Available from EDBS. 
financial Support; Industry; ^Opinions; Besearch and 
Development Centers; *Besearcb Problems; Science 
Education; Sciences; Scientific Attitudes; 
♦Scientific Enterprise; *Scie»tific Besearch; 
♦Surveys; Technology; Universities 
IDENIIFIEBS *Besearch Beports 

ABSIBACT V a. T 

This report contains discussions about critical 
problems that appear to be developing in American scientific research 
sectors. The views wara obtained from letters of inquiry sent to more 
than 900 persons active in the administration or performance of 
research in its four main sectors: universities, industry. Federal 
laboratories, and independent research institutes. Four ateas of 
comnon concern were found to predominate in the replies, and a 
chapter is devoted to each: dependability of funding for research; 
the maintaining of vitality in the research system; freedom in 
research; and current attitudes toward science and technology. 
Appendices include: a description of the method of inquiry; texts of 
the letters sent to the research community; a complete list of 
respondents to the inquiry letter by sector; a complete list of 
issues taken from the response letters; and rank-ordex tables or 
issues mentioned most frequently. (HH.) 



♦ Documents acquired by EBIC include many informal unpublished * 

♦ materials not available from other sources. EEIC makes every effort * 

♦ to obtain the best copy available. Nevertheless, items of marginal * 

♦ reproducibility are often encountered and this affects the quality * 

♦ of the microfiche and hardcopy reproductions EElC makes available * 

♦ via the EBIC Document Beproduction Service (EDBS). EDBS is not * 

♦ responsible for the quality of the original document. Beproductions * 

♦ supplied by EDBS are the best that can be made original. * 



ERIC 



NATIONAL SCIENCE BOARD 



^^H. NORMAN MACllO'^'^MAN lC:hi,i,,„an, Nntionn' Sci.inci; Boai-i],, I'^hKI""'' 
Hicd llniv(!rsil.V 

m. RUSSI-I 1 11 O'Nl'.Al. (Vice Chi.irman, Ni.lioni'' S(;i(M,(u; B(Ki,,,i)./'hainnan iind 
Cliii.r HVo'cniiv.i Xf^l^ ln,l„slri(!s, In.;., Ann Arlior, Mi,;|i'«H„ 

l^H. W. (U.HNN CAM''HI';1,1.. Dinua,,,,, Unov.M- Instil"''"" on W;,,., ,i<'^luli"". 
Sliii,l()nniniviii-.'^''.v , 
11. K. CAKTKK. (■•""■'liiii'U.r .,r lni„r(lis.n|)linary Pn-Hrnin.s, li„iV%iiy o\ Ari/.ona 

•^H, ROHHKT A. ClHA'^''"'- l'n;,si.l,„i| Ciilx.l C'.ori""'"' '^"••^'"h, f^/^'HHiidHiHdts 

•^H. IHWKI, IM.nMMl'''^ '^'-'i" and I'mltiHsnr "I' Zuolooy. (:^„^fi"iUi,;ut Ci.lUiM*; 

nU. M.OYO M. "I' llrlian AllairH "nil Univursiiy f^"!;,, jon^^- Union Cf'l'iflt! 

C:..fp,.ral inn. Ni.^^' York, New Y,„.K 

nU, ROliRRT 11. V\C\<V.. Ali)t!rl l-:in.st,,in l'n)r.!ss..r "1 ^i-U'.mx, D,,p/''hi,,nl Pl'V^Xis. 
l'i iii,.,,.|,)ii llniv':i'''^"ly 

nu. OAVIU M. C'./Vr'''^. I'mla.ssor ..r „„,any anti pinMUor, Binl„j,i,.i)l ^i^lion, n<M'art,n"ni 

or Uotiinv, llniv'"'^^ily .-I' Mi<:iii,'.an 
nU. T. MARSH Al.l- "A"N' 1'^- •■^(Mailivo Vi.:.; Pr<!si.l.;nl. C wu,r.v,i,,.Pil,:ii-i.: C:..rp(.ra|i,.n. 

I'nrlland. Ort.'.'^ni' 

OR. ANNA I. I IAHI^'^"^' ''''"'"»^^t)r „r C^luimislrV- M"unl H(.ly„i^,; '-hli,.go 
'■•H. H(H;i'.;R VV. MI'.VNS, Pir.sidtMU, AnuM'ican CoiH""' "n K(lu(;aii„fi 
HR. VV. N lUlUHAH'^' I'^ - •'■■'■•'^i'l'M,|, Tlu; Upjaiin (^-nipany, l<a|a„i"S,, Mi'^liiM"" 
HR, SAllNOHRS M^^' ''ANl''.. Max Mas.-n Oi.sl in}^"i^l"''l Sorvi.^, ,^''"l,,,;.s.)r ol Mathan'iil h:s 
llMiv.T.silv „| C:iii':a;4o 

^IK. VVii.i.iAM 11. M1''(-1<1.1N^- '^"a„, Th.! ( '.radual'' Sclinol nl' Ma,i"«>>m<'nl • ''l'" I'niv'Msiiy 

<'i' RdclKiStiir . . , , I . 

nU.C.RovHR K. Ml'i^l^AY. I'rosid,,,,,. T.^as T.:.;!' Univ.M-.sity a,-„l ">\i,.'^ '1 "'^1' I "Hvo.'Mly 
S(:i,,i(,l 1)1' M(!dii:in(' 

HR. WU 1 lAM A. NIHRKNUKRC, ni,.,,,;|„r, S.iripi'-'^ Inslilulion or (j'-"i|„„,m'aphy 

DR. FRANK I'RMSS. C:haiTman. Dcpan mcnl of Ka'"' l'lfn.:|a,.y ^i.Mici^^^. N4as,sa(:lin,s,Mi 

InsUtuHM.r'lV.dmolnuy . , ,. 

HR, lOSKl'll M, REYNOLDS, Hoy.l p,.. lessor of I'l'ysirs and Vi,,„ f Sid''^' '"-striH^Imn 

and R.jsi^arch. l'""'-"^'''"'' ^"">' University . 
HR. lX)NAl.n li, Kl^'''"' '''-"^i'lonl, TIk; Rand Corporal inn, Si,„|f \l„ni<:"' Claiilorn-'" 

i„ n(),\'Ai n Slill'.l.nS, I'msi,!,,,,,, calilnmia HIale Univor.sjiy i'l l.-uiiiM-lon 
IIR. CllARl.KS p. Sl.lCHTKK, I'rol,,,,,,, nl' Piu'si';'^ in Cmmi''"' lor A''vin":'>.i f^HMly: 

Uiii'viM'sity ol' l"'""i" " '''"nia-Ciiani pai;4n 
DR, 11. cilYPORn STKVl'.R (M.Mnl,,., ,,n (.ffiom), Hin'olor, Nati,,,,;.' ^;i„n.;o Koundali".i 
HR. p. P, TlllPMl':. '''■<'1"H^^">' Anii,rni)oloKy, liniv'M'sily ol' C,i|„,''»l„ . 
OK, IAmkS li.'/,ll.VdiPR(d';. Presi,l,,„|, Smidiorn MHhodisI 1 1 ni v,^''''My 

- . * * * 

MlHS VKRNICK, ANHPRSON, Px,M:uliv(! Sccrolaiy- National S,:i,,,i'-'> H„aid 



SCIENCE 

AT THE BICENTENNIAL 

A Report from 

the Research Community 



Report of the National Science Board/1976 



National Science Board 
National Science Foundation 



LETTER OF TRANSMITTAL 



Library 

National Center for Hlgfier Educatloi 



April 30, 197(5 



My Diicir Mr, PrctsidtMil: 

T'Ik; Nalionnl ScicMicti Board has th(j honor of transmitting to you and 
through you to thd Con^rnss its Hij^lith Annual Report, Scioiua; nl ihv. 
Biv.iiutvnnml — /\ ih;[)(jrl Fvow flu; /iosotirc/i C^orninunify. This Report has b(;en 
pri;par(;(l in accordantu; with Suction 4(g) of the Nationnl S(:i(;n(:o Founchition 
Act of 1950, as anumddd, 

in rdsponsu to an intjuiry by tho National Scitince Bcjard, over 600 
rnpr(;s(;ntaliv{;s of tht; rosearch community in universiti(;s, industry, 
}^c)V(;rnm(;nt, -and inddpdndont rosuarch institutes throughout the Uniltjcl 
Stales [)rovithid their views on concHtions iifiecting research or likely to afi'ecl 
it in the nv.nv future, Sp(M:i finally, th(;y were asked to deseriba eriticrd issuns (jr 
probUniis lh(;y believt; will decreasi! the effectivenessof rt;s(;ar(:h "unless 
properly addressed." 

The many aspects of thos(i issues or problems identified in the respons(;s 
are d(;lailed in this Report. C.r(;atesl concern centered upon cleptjudnbility of 
funding for r(;s(Jarcli, Mk; vitnlity of the research system, frecidom in research 
choices, and attitud(;s toward science nnd U;chnology. 

'I'he National Science Board Indicives th(; RepiU'l points t(j a need for 
action, in which gov(U'nm(;nl, \ hv. scient ific community, and the public have a 
part, in assuring that those; concerns are properly addressed. 



Ruspecl fully yours, 




Norman Hackerman 
Chairnum, National Science Board 



The Honorable 

The President of the United Stales 



5 



ERIC 



FOREWORD 



Scientific rejstjarch in the United Slaltis has grown up in close relation 
with olhcir parts of the national life, at once affected by and affecting 
inldllecluaK social, and economic developments. An assessment of the present 
stale of the Annjrican research enterprise therefore merits inclusion in our 
national self-accounting at the Bicentennial. This Eighth Report of the 
National Science Board is offered as part of that accounting. 

Specifically, the Report is intended to show what critical problems 
appear in be developing in the operating research sectors that will decrease 
the effectiveness {)f research unless properly addressed. A question to that 
point was put to broadly-informed persons in the research community. This 
Report provides the moans by which their responses can be made widely 
known. 

The circulation of these views initiates a two-part task. The second part, 
for which the first is essential, is devising the miians by which the critical 
problems can be "properly addressed" so that any decrease in the effec- 
tiveness of research in the United States may be avoided. 

The Nati{)nal Science Board undertook this collection of views in 
response to (dear evidence that scientific research, after a period of relative 
well-being, is today exposed to severe stress. That stress originates in 
. fundamental (ihanges in such matters as age patterns in the population, the 
availability and distribution of economic resources, and the order of values 
guidini^ national direiMions. 

To {)btain ihc views of the research community, the Board sent letters of 
inquiry to more than 900 persons active in the administration of research, and 
in some cases in performing research, in its four main, sectors: universities, 
industry. Federal laboratories, and independent research institutes. Manage- 
ment, policy, and the institutional environment for research were designated 
as the principal areas in which identification of critical issues and problems 
was sought, but no definite limitations were placed on the possible answers. 

The resp{)nses provide a rich resource for consideration by the National 
Science Board and the various readers to whom this Report is addressed: the 
Prtisident, the Congress, the scitmtific community, and the public. 

The National Science Board found two outstanding features emerging 
from the hundreds of replies. One feature was the comm()nalily of judgment. 



acrciss all s(M:l()rs mikI IninsctMidinH pnrochial inlernsls, as to what the ma)or 
pr()i)i(!mH nvv.. '\'hi'. sncond was Ihu inlunsily nf concern about these problems 
and about Ihi; prospiicts for science in the immiKliate liitiire. 

'l-hc principal areas ol' common concern, were these: dependability of 
fimdino for rciscarch; the maintaining of vitality in the research system; 
IVd.idom in research; and ciirrnnl altitudes toward science and technology. 

This Report contains chapters on each of the four areas of concern. In 
these chapters the Report relies almost wholly on direct quotation ot the 
respcmdeiits. without interpretation. This method reflects the belief ot the 
Board that systematic discussion of the respondents' independent views as 
oiven and of additional views still to be sought must be carried out before 
There can b(, general agreement on soluli(Jns and how best to put them into 
,.ffecl. In the coming months the Board plans to initiate further discussions 
with the science community and the general public. Regional Forums under 
the auspices of the Board will be held in different parts of the country. A those 

meelincs issues of the kind brought out here will be discussed with 
organi/al ions in science and other public groups, with this Report serving as a 

basic document. 

The commonality of judgment and Ihe intensity of concern which 
distinguish the responses in this Report give promise that these discussions 
will be a forceful slimulus for thought and action. 

The Board is deeply grateful for the insights contributed by its 
respondents. Responses were received between midsummer andmidaulumn 
•i97r,. No attempt was maih; to update those responses which in one detail or 
anothiM- may have been overtaken by developments since then. 
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RESEARCH IN THE UNITED STATES: 
A HISTORICAL PERSPECTIVE 



INTRODUCTION 

As Iho Uriitucl SUUds counts ils nsstits nt Ihc; 
Bicentennial it onn includu n strong capability in 
scientific rosnarch. From a uioclost start, a 
conlinuily of nffort luis (luvolopocl this rusourcn 
to ils prcjsent worth. 

Through tvvo ctinturius, that offort has had as 
ono of ils iTiain purposcis the Iniilclinj^ nf social 
inslilulions holli public and private for the 
Iraininn of scientists and for performinj^ and 
support in^ii research. At the sjuue time effort has 
been dovolecl to th(J ntu:essary task of defining a 
nuilnlly satisfactory relationship between 
rescjarch and the society within which it 
proceeds, 

Debale aS to the l(»rins of that relationship 
continues, and soinc) of the; issues are not fully 
resolved loday: anions them, how to insure 
adequale and slabhJ funding for research: how 
lo maintain the vitality of existing research 
inslilutions^ particularly by insuring f^^^* them a 
sUiady supply of competent new pciople; how to 
uph(dd frt;ed()m in the conduct of research while 
drawing upon it to serve national purposes; how 
lo develop an infornUJcl undcirstanding and 
support of res(;arch on the part of j»overnm(mt 
and the public, Dominant views on these issues 
al any given time havti had mu(*h lo do with the 
tlevelopmenl of the structure of resciarch and the 
lev(H of res(J^u*ch capability. 

Ill lh(j Iwcniiiith (ienlury scicmce has provcid 
ils worth to Hki Nation cluring two world wars 
and ihe prei»«iu*(i of inte;rnational competition in 
space, and in so cloinj^ strengthened its 
capabililios. As a soqviel in (lach case, tlui gains 
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of science were consolidated in organizations, 
some new, some old, which together formed a 
new system of research support. During the 
1920's, industrial research laboratories and 
philanthropic foundations look their places 
alongside universities and government agencies 
as important contributors lo the research 
enterprise, T\u) period aftcjr World War II 
witnessed the addition of important new 
science agencies. This was carried further with 
th(! opening of the space age. Indeed, this perioti 
saw an extensive federalization of the Nation's 
rcjsearch establishment. 

Th(! history of the first two centuries closes 
with what many regard as a new crisis, at the 
moment hjss coherent than those earlier in this 
century, and one challenging rather than 
confirming the prevailing structure for research 
and its interactions with society. The historical 
record highlighted in the following pages 
pcjrhaps gives ground for hope that this crisis 
will be met by nciw creativcj change in the 
institutions for rescjarch and new progress in 
devising thcj terms of thcjir rcdationship lo 
Hocicit y. 

THE BUILDING OF INSTITUTIONS 

During the ninel(;enlh century, American 
scientists were successful in convincing many 
private} and public patrons that science was 
useful in a very practical sense. In the first 
decatles of the twentieth century, there emerged 
n system-— not (jxactly matched outside this 
country— in which new knowledge flowed from 
laboratory to application. In a Nation growing 

i 



man? industrial inort? urban, and mon; in- 
l(;«ralu!, Ihn ris(J oi' ^ratluaUJ univcnsilitis, 
rcJstjarch-oruMiU'tl vurnnKUil bureaus, in- 
duslrial rusnarch biboraloritis, and nonprolil 
indt;iHMi(hinl nistian:h inslilult?s slinudaldd and 
stM'vocI Anuiricnn socitily^ 

Universities 

UndiM'grackjalt; leaching in s(:i(;n(ui hadbtitin a 
pari nf AnuM'iran colleen curricula yinct? Ihu 
Colonial period, but not until tbti cistablishmtint 
(if West Point in 1B02 was practical science 
(olhtir tban botany fur tloctors) tau^bl to people 
who would presumably use it. in 1B24 tbe 
Rensselaer Polytechnic Institute became the 
world's first private; enc^ineerin^ colbiHti. Am' bi 
1847 Kben Norton I lorsford returned Ircmi W{)rk 
at bitd)i^'s university laboratory in Giessen, 
C.ermany to set u\) what hocamu tho Lawrence 
ScitMilific SchDol at Harvard, Yale, at ab(Mil the 
same lime, established its School ol' Applied 
Chemistry, which from the bej^innin^ combined 
commercial chemical analysis with teaching, In 
UUi2 the Merrill Act provided each Slate with a 
i»ranl ol' huul la eslablish aj^ricultural and 
mechanical ciVlIeMes, ami during tbe post-Civil 
War ptM iod thtJ number nf private polytechnic 
institutes «rew rapitlly, With the establishment 
of the Johns Hopkins IJniversily in 1870, the 
fulM)lt)wn Cerman tradition of pure scientific 
research and ^ratiuute seminars was firndy set 
in this country, and by World War I most 
American universitit^s counletl research and 
public service (often defined as the application 
of research) alon^ with leaching us their special 
duties. Until the advent of larj-e Federal funds 
durinji ami after World War lb the pattern of 
jiratluale education in science establishtid by 
]ohns Hopkins remained dominant. 



sciences.' New national needs led to new 
aj^tincies and bureaus. By 1900 the U.S. Depart- 
ment of Agriculture (M)uld be looked to for 
examples of problem-orienUnl basic research in 
a government agency. The organic act es- 
tablishing the new Bureau of Standards in 1901, 
giving it the responsibility for "the solution of 
problems which arise in connection with 
stnndards;' vvafi broad enough in theory to 
permit both busic and applied ' h 
necess.. for its niission. The esbi ^ 
agencies of this kind tended to legiliou/.e a role 
for the Federal Government as patron of 
science. Because they were dependent upon 
public money, there was strong reason to show 
that the science they supported was conducive 
to the public good, In many cases programs 
served an area of science closely related to 
significant economic forces in the private 
sector, and st:ieniU! administralors had to find a 
balance point be.tween those interests which 
wanted only that research which would he of 
immediate 'use to their industry, and those 
which wantetl only the most basic work to be 
done so that all firms would have an ecpial 
likelihood of finding praclical appbcation for 
the research. 

Industry 

Industrial research too was intn-r-.^Hing during 
the first decadiis of the present ct Hury. From 
small beginnings in private analytical 
laboratories, in the workshops of inventors, and 
in tbe iroubkjshool ing of individual consultants 
to particular finns, this sector grew rapidly. 
Such laboratories numbered about 375 on the 
eve of World War I, and l.HOO in 1931,^ In 
justifying their costs to shareholders, the 



Government 

Covernmenl agencies, some dating back 
the early years of the Republic, were by liK)2 
spending an (istimated SI I million for scienUf 
rtjsearch intdudiug what are now called social 



« A siUM't:*' Inr idini'iiiatioH 'Mi v^ovi-rnmcn: -^.luiH'' Is A, 
llunlt'r Dupn-r. Scmmiu.' in Hh^ I'v.i.rr . .-■v..rninrne A 
llisfory V IN>li. irs (iiul Ai.'lu ..tir.s i,, (QimlirhlMe. 
U),'i71- Imh' o^inf m'v p- -i'">- 

' A survcv n! ilu' I'isc iA indesiri.il r,'s- i ^-^^ ' I l^'WiuHi 
HiU'dtMl, "Thf i)c\M?lnpinnnl i»i ijttUislrul KTHf-^inih in iIm; 

Ifial Hv.svoi'ch. K(i|H>w liu» Njamm,! Council In 



4 RliSKARCIl IN TIIK UNITUD STATES 



15 



prnclical bonefils were plncecl foremosl: in- 
duslrial research, costing a relatively small 
amount, would yield new and improved in- 
dustrial products and processes, and resullanl 
profits which would f'nr exceed the initial cost of 
the research. 

Whether the industrial system provided a 
favorable settinj^ for basic research or whether 
it should have its principal domicile in univcM- 
silies were issues vigorously discussed in the 
early years of this century. Among industrial 
researchers, |. ]. Carly {)f the American Tide- 
phone and Telegraph Company thought [hv. 
universities the better place;. Distinguishing 
between **pure" nnd ''applied" res(»arch on the 
basis of motive (to discov(;r truth in the first 
instance; and to solve problems in the second). 
Carty maintained that ''the contributions of 
pure scienc(» as a whole l)(;com(i of incalculable 
valiu; to all [hv. industries." 

Sinc(; no single company could bcj expect v.d to 
SJifiport work which vvcjuld benefit its coin- 
tcf.>ifQpjj (iquiilly vvith itself, Carty aruuH il, "the 

' iM-al honi(^ of pure science and of pure 
^t if ic research is to be found in the ix-zi vers i- 
i r(Jm which it {:onn{)t pass," Th(; - runhMii of 
S uicing was, in his mind, to he st)lv(>d by 
£''-iuls from "those gcmerous and public-spirited 
nut vAid womeu who desire to dispose oi trieir 
\v . dth in a manner well calculated to isdvancc; 
ih welfare of mankind, and it should cn me fnini 
ihe industri(;s themselves, which owe such a 
heavy debt to science,"-* 

A different approach was taken by Arthur U. 
Little, in his 1913 presidential address btifore 
the American Chemical Society. Ho declar(Ml 
that because r(»al problems could Ix? ds basic, 
((Bifficult, and interesting as thos(; of pure 
fchiunistry, "a constantly rising proportion of 
lom-. best research is carried on in the 



Ntiliniiiil Knsniircrs Pliinnin}^ \Un\vi\ (Washinj^lon, 
I)JM:einl),;r HI40| pp. 17-77, 

' 1^ j. Cnrly, *"riu? Uulnlion of Puim} Scirnr.r \o Iiiduslriai 
Rt'st'iirch," TninsdciicjMS of llw .Ainifriciin /nsliliiN; of 
Klurlrirol KiiMiiirriH, 35 |UH(i|. AK\, 4H4. 4H7. 



awards showing just h^Jrnl\./V/ ^^i^v 
research in industry ^y//! V^J 
Langmuir of General ib A>:^^ o> 



lahoralorios of our gv>^ 
porations."** A significar^^ 
discussion was eventual) 



chemistry.r.and toClintorTy/^^)^^^^^^ 
Telephone Company ir\ 'jf('\l} 



Thompson, Great BritaiK/ ^ \ ' 



work (!vitlont;.;cl n link l^^t // t^h |/<">sl>,S!0''''''^H 
and lilt! ntieds of intliislri V \ 



Foundations 



In lilt! opening tleciu)^, ^) (life ,^;\.(;^"f 
ctintury lhos(! "f^Rnerou^ V <^' «g/ X^ir"^| 
men ant! women" of ^^hjUX^ JTe '^^\ 
pionetirinf. in another OVM, 
ileslinnil to play a valuabl 

scienc.i-lhe philanlhropi;/U|y'Hj(^y^ O^^'^X 
the n in<!l<,en I h cent ory , ^ ; /A;| ^^.f" \ 

had already eslnbli<^|y^l '^liA^ f^H 
astronomical ohservatori *^ S,' /0^)J^,.r" S 
also been set up 18 hmtxyif \ ^'^S 
'here were nearly 300, >t!r/ ^' '^A 

larlicularly tievoled to th^,'" h/'c/ ^i^" 



P 

research 



in that year Frederick IX / \ i (1 
the "loundation's ner, Jf/ «|, V,^lijC^ f\ 



"without any i|uestion,- Kl l^^>>yl'i^ [jid^'^M^ 
Keppel's own CarneHif C^iV/ (h,! V <\V 
lieen Kirmed a univorsitV% lX\^^^^\ 
erhaps the ultimate K/im^\J4\ sC'^'^'S 
rofessionalsol thelaten^'y W^t;/ V,r>"^^^\ 



bee 
porhi 
P' 



' Arlllur l\ l,ini(!, "Indiislrii 
ScitfiH.r. ao (Nov. 7, \\)\:\]. 04H, 
-Thn slanitaul iiisl.)rv of Ihtf tO\\\ A \i ^ 
LiilMM-iilory is KtMuliili Hirr, V/z^O^.U ^irnAJ^^^^^\ 
HvsrurvU: Thv Hlmy .if ill.' ^S'/ 'I 'I>^,/V 
l.(il)()nilorv (Wiisiiinj^ioii. >^>''>7), V ' . u 

" Kor ii slundaid liislory of lH« t^ , (%\ ii\JiiK^r^^^''^^\ 
s,ir;M. I). V,p,v,n i^^^U liistory nM^ 
I/m,' Ih^U SyM.Mi. fhn Korly 1^^^^^^ 
I'nhiplK.nr t.iil)oinhirir!H, l»7r», V^//n , ' ^ , ii 



ciinliuiiplnlcil Kvi) voliimo soriVl' /'^' H''''''V 



Mission (^oninuinicdMdMS. Tin 
iMmniy Ititl, N.}., lf)7n|. 



UKSRARCniN> 



16 



ERIC 



n<UuiLl lo proviclcj I'oi' r^^^-'^^'^-h i<« Purest form, 
biko.thG univiM'sily l'^^' '^Hindal ions U)u^i\ ihoir 
»'^'«P»n«ibiliiy in liasi^* rciscjurch, '"Hu) prns(u:u- 
of riuuhinitinlal ruseiu'chns," wroi^, KepptiK 
"^vill remain nno of ^^^^^i"'^ "PPonunilicis, 
ptii'haps ihtj niiijor opP^^'^^^ni^V' fnundalions, 
lnn« as tluiy ihoms^JlvcJs enclur(i,"7 Nnarly 
iHi'do (liKuulps lalor ^'^'^ ^'^Muarkiul by 

RnbcM'l S, Morison, ^^^^^''^.^''^'Hcm' Founila- 

ibiu Foiinclalion j^i'iHil-in-aul prnonims for 
basic rcjsciarcb ^^''^'^^^ , ^^^^Ti bad 

''pn-siiinably birnUJ^l It-mpbUcis" l\,p ^(worn- 



Independent Research Institutes 

Since; Ihr firsl balf ninciioonlh r.v^oinvy, a 
f^^W insliiutions bad (ixistml whicb w(M'(i 
Pnvahily (>stablisboil ^1"^* ondowtHl, vvnnj 
broadlv' (.(icu:alionnl lbt)i^4h not actually 
•^^'hcols, and u bjch oarncd on pbmnc^d rc^snarch 
fnnu I inic lo timc/In Hu^Fnmklin inslilulo, 
tino ol ii^j. i,u)sl iniP^H'lant ol tho so-calhid 
nuicbanics' instiliilt^^^^*"^^^^' » inn;, oslablisbtid in 
I'biladnjphia in 1824. ViM.VAyvA a HPant from Ihcj 
I'tidnra! novernmcMit «l^>^^y ^l^; c:aus(Js nl 
sttNim bnilcr v.xpU)^'''^'^^ ^^'^^ ^onnrally 
»bi)u<ibl lo be lh(i fi»''^^ n^Hcarch ^ranj niacb; by 
c;ov{M'nnH)nl lo P^'ivalr scicmiirif, institu- 
tion. 

In tbt. ivvcinlictb vx-niuvy. niunbnr of otbur 
njscarch institutions wcmt : auubub i,, igif) tbc 
M(dlon Institute o»' Induslnal Rnstuu-cb pbictid 
.^r \,M«is tbc lirdustrial Knllnwsbio 



oil 



^uMlon insinuK; oi • --nn.n i... ....... 

a pcMMunnnnt basis the lirdustruU F,;ll()wsbip 
t^rnsjjram 'I bis was li»'«» ctmccMvcuj in 1900 by 
Rohtirt Kennedy Pon^-in' ''^^-n professor of 
industrial cb^uuistiW at tbe University of 
Kiuisas, An endowm^-nl ii'om tbt^ Me.llon family 
^Miabled ihe Instil^^^- to match su««'^»»^id 
rcisearch nroblem^i ^^'^''^ competent scientists 
Willing In (mdertakc their sobilinn. In 1929, 



thanks to an endovV^^^nt ''^^"^^^ Gordon B^Uteile, 
a Columbus, Obi^ iP^l^stri^ilist, the priVfUe and 
indnpondont Bali^il^' Ki^morial Insiiiul^ began 
vvork. These vver^, ^o^h followed by oiht^^'s^The 
purdue Resea^c^b P^^Un^^'^^^^^n ^he 
Research FountUjjj^;" the Armour In^Iituteof 
'focbnoloj^y in 1^3^; in ^hat same Y^Hr The 
Ohio Slate Univ^p^^^V i^es^^irch Foun^^Uion, 

After World y^^^ \\^ independent f'^Search 
institutes wertj eis reason^i^^'e and 

(.()nveni(mt nuubc;^' ^f ^i^'^ini^^^rinS funds 
(jarmarked for p^pt'^'^Uaf rt^^^^^^^'^ proj^nts. On 
occasion they w^p^ ^'^0 ^bl(^* ^0 serve aS '^^gional 
lacilities throu^i^ ^'^icb independent colleges 
and universitit^g p^fil ^heip sciontific 

pesources, Befi^j,^ ^Vorkl War U, research 
problems and [y^^^l^ predominantly from 
intbistry. After ij^^' they floWed in^^^'^asing- 
ly from the F(itb.p^jl ^>(jVernment' 

THE 1920's: Sci^'^C^ SEE^^^ S^^'^ORT 

During World \ GoV^irnmeni support of 
the new Nation^^i (^%af'f^'^ Council, founded in 
lOH) as an appoj^^j^^Sij the National ^f^ademy 
of Sciences, ' j^ni^^rsity-biiS^-d pure 

i'fisear{:h scier^jj'^jl^'' a^ i^^'qu^^intan^c with 
federal fundin^^ „ ^^^H sUpP^^^'I ^^^^ P»J^'^; Science 
pcmained a prol^j^^r^' ^judi^^^^ «f sul^l^'ct were 
part of th(i worl^ ^\sid^"^ Hoover's Research 
Committee on j-^/^^^H 'fr^^nds, which a I93ii 
report found it jjl^''*^lv deterioration public 
interest in ba^j^; ^^U^oco accompanWl by a 
corresponding ^,|^^- t^-'j^terest in bo^" applied 
science and its c(^^^^^^Jir^"^*^' uscS.M) 

In a major ati^,,-flP> lo huiUl publif. ^upport for 
pure science, of ^'^e nnlion^d science 

establishment from l9i>G to 1930 to 

ac(anuidate a Nj-d'^^^^id Rcsoarch Elntb^Wnienldi 



Amrrn on Mf.. IX.w Vnrk. ilKU)! pp. H. lo, 
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On llu! NKC snn yy I ^rvlf^' "f>"»J'Uii Kl'^'^'V Hull!. ll\n 
I'irst World Woi-, '\jd ^^^^ /\(lvnn(;(iiU(M\t 0^ ^vMnux in 
AiiMMMCii/' (sis, 5;i',t^i'^**n> )<)Otd. '127**ta7. 

ri^'V.'uni-.iid Attitadt.s }ta<> IntiM-osls/' 



I" 1 lin-ncll I liirl, "(M fi^ '^Vi ^nr.iat AttitaMt,s ji'^" tnt„ 

" Knnald C. "rnlj,,, A/iiefM:(in ItMJolouV "I \'( 

.<^(;"n(:(!. (Ji HMM;,,' ^Ij^j.^h. tl)7lM)p. \<y^^•''^'^2. 
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In support of the campaign, when he was 
Secretary of Commerce. Mr, Hoover had warn- 
^jed. that over the years, '•for all the support of 
pure-science research we lu:ve depended upon 
three sources— that the rest of the world would 
befii* this burden of fundamental discovery for 
us. that universities would carry it as a by- 
product of education, and that our men of great 
benevolence would occasionally endow a 
Smithsonian or a Carnegie Institution or a 
Rockofeller Institute. Yet." he continued, ''the 
whole sum which we have available to support 
pure-science research is less than $10 million a 
year, with probably less than 4.000 men 
eng«i8ed in it. most of them dividing their time 
between it and teaching," 

To augment this support, which he claimed 
was actually diminishing. Mr, Hoover called for 
increased aid from government, from industry, 
and from private philanthropy. Warning that 
\he Nation must have more basic research if il 
"woidd march forward." he called for "more 
liberal appropriations to our national bureaus 
for pure-science research instead of the confine- 
ment as today of these undertakings to applied- 
science work," He welcomed "the opportunity to 
again demonstrate in our Government, our 
business, and our private citizens the recogni- 
tion of a responsibility to our people and the 
Nation greater than that involved in the 
production of goods or in trading in the 
market."'- 

THE GREAT DEPFEESSiON: 
SEARCH FOR A NEW SYSTEM 

The campaign for a National Research En- 
dowment, including appeals to the Nation's 
large corporations, fell far short of what was 
hoped lor, and early in the Depression (he fund- 
raising effort was dropped. 

The Great Depression, with its disastrous 
deflation and unemployment, put even more 



I.: H(frl)rrt llfxivrr. '"l*h<j Nntinn and SciiMUH'.*' MjJc/ninicdl 
Kii.aiMiMTin.i-, 49. No. 2 {\{)27], ][\7'\'M\. 



financial constraint upon pure science as 
research budgets in all sectors were reduced. 
There persisted among many leaders of the 
Nation's science a fear that Federal subsidy of 
basic research would subject researchers to 
political restraints in the form of both dictated 
goals and uncertain budgets. Now, with other 
sources so badly pinched by hard times, Mr. 
Hoover's suggestion that Federal support 
should be enlarged was taken up once again. 

In 1933 and -again in 1934 the Science 
Advisory Board, which had been established by 
executive order from the White House in a new 
administration, submitted for the Nation's 
consideration what it called its Recovery 
Program of Science Progress. While aiming for 
Ihe most part at the twin ills of unemployed 
scientists and unmet social problems, the 
Board, headed by Karl T, Compton. president of 
the Massachusetts Institute of Technology, 
called also for grants in aid of rr arch in basic 
sciences, "It should not be for*.: en," warned 
the Board, "that back of applied science must be 
continual progress in pure science. Consequent- 
ly any well balanced program of research 
should provide for ccmtinued productive activi- 
ty in the fundamental sciences. It is suggested 
therefore," the Board concluded, "that some 
portion of the funds here discussed be made 
available for such research, with particular 
consideration of important programs already in 
progress in institutions, which have had to be 
dropped or curtailed in the present financial 
emergency/'' ' 

At the sam(> time, but in a separate context, 
Compton echoed the misgivings of many 
scientists: *'I confess," he wrote, "to con- 
siderable doubt as to the wisdom of advocating 
federal support of scientific resf^nrch ... If 
government financial support should carry 
with it government control of research 
programs or research workers, or if it should 



' » S(M» Carroll W. Pursoll, |r,/"njo Anatomy o.il d Failuro: Tho 
S(at'n(:i! Advis'^i'V Hoard, lOlilMOMf)/' /'n*- r^'f^m^s of thv. 
Aiwvrir.un P/ii/«»S(»|>/}i(:(il Socioly, 109 (DiiconiY^tfr. 1(105), 
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Jead to pc)lilic:al inl'luencn or lobhyinj^ U)v the 
dislribulion of funds, or if any c:onsideralu)n 
should dicUalo the administration of funds other 
than the inherent worth of a project or the 
capabilities of a scientist, or if the funds should 
fluctuate considerably in amount with the 
political fortunes of an administration or the 
varyinj4 ideas of Congress, then government 
supppr! would probaidy do more harm than 
good, , ."^^ 

The call Mii .aore ... an-nment research, 
including basic research, was generally sup- 
ported by scientists. In 1933 the American 
Chemical Society, while "recognizing fully the 
need of and approving drastic economy in all 
government expenditures." found it, "a duty, as 
patriotic Americans and scientists, to empha- 
size the importance of Fundamental scientific 
research to the rehabilitation, progress, and 
prosperity of nations, . The journal In- 
dustrial (uul Engincoring Chemistry editorially 
urged that "if you believe in the conduct ol 
fundamental research in the laboratories sup- 
ported by federal appropriations, then say so in 
some tangible form where it will do good." Such 
research, the journal felt, was peculiarly 
appropriate for government: "Federal 
laboratories in particular should conline 
themselves to fundamentals when the result can 
be generally utilized, and should studiously 
refrain from undertaking work that can be 
better done in the industries/'"' 

During these New Deal years a number of 
bills were introduced into the Congress to 
increase the Federal subsidy to scientific 
research— none of which received any strong 
backing from the Administration. In 1934 
Representative J. H. Hoeppel of California 
proposed legislation to establish Federal 
research fellowships with the goals of support- 

n Karl T. C()mpU>n. "Sr.irnr.e nnd l>n)sp(M'ily."' .Scii-iuM?. BO 
(NovMMiibor 2, :U]3-:U)4. 

•'-qiinUMl in •'Rni.sn Yonr Voice." linluslrkil niid I'MMMKMTinM 
ClxMMislry, 25 (Mny UKJ3). 477. 

I" "Rif.snarrh nl Public KxptMi.sn," /ndtislrinhuul Kn,!^ imMinnj' 
Cluunislry. 25 (Mnrr.li. 24;i. 

8 RESEARCH IN THE UNITED STATES 



ing unemployed researchers and Hiding finan- 
cially distressed institutions of higher educa- 
tion, >• An official of the University of California 
said in support of the bill that his own school, 
"like many other institutions," was "in the 
embarrassing position of having to refuse the 
services of highly desirable research workers 
on account of lack of funds."'" Three years later 
the then Representative (afterward Senator) 
Irnnjngs Randolph of West Virginia introduced 
.1 l)iu spt-:iacally "To aidandpromotescientific 
research of a basic character upon which the 
inception and development of new industries or 
the expansion of established industries may be 
dependent."''' 

Persistent efforts of the Mational Bureau of 
Standards to obtain specific authorization for 
new programs in basic research in chemistry 
and physics failed also, as did efforts to 
establish a permanent appropriation for 
engineering experiment stations.-" In the 
Department of Agriculture, however. Secretary 
Henry A. Wallace was quoted as saying that a 
"great corps of able men delving into mysteries 
merely for the love of such delving— we call it 
pure science— are after all. the chaps who are 
laying the foundation for the revolutionary 
practical developments which come maybe a 
generation later," In this case, more success was 
apparent. The Bankhead-jones Act of 1935 not 
only provided for new funds and facilities for 
basic research in agriculture, but also, at the 
insistence of the bill's sponsors in the USDA, 
gave new flexibility in spending to allow, 
researchers to follow more immediately the 
developing directions of their work,^' 



I.H Hopppt'l U) Ihn I^residoiU, April 21, 1934, RcM-.ords of 
Ihn Sm:r.Mary cjf Comnn^rcn. Kile 9(5499. Notional Ardiivn 
K(M:()r(l Croup 40. on H.K. mjnti. 

Monroe K Dniilsch r.ommonlin« t)n H,R. G96B tn StMiriMury 
of Commerce Daniel Roper, Mnrch. 9, 19:i4. Ihui 

MR. man, 7.^lh ConH.. Isl se.s.s. (Inniiary 5, 1937}. 
-'•See CarroL W. Pursell. jr... "A Profaoe lo Governinenl 
Support of R*«.seareh ami Development: Re.sean;h l.(^Hisla- 
lion and llip National nureao of Stnn{lanl.s. 193.V41," 
r(M:linolo«y rMii Culfiire. 9 (April, 1908), 14.^).H-i. 

See Carrol W. PiirstsU. jr.. " The Adniinisiratiomii Soienco 
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Allhouj^h most of Ihti c\(H:ulivn and 
legisSlalivn initiatives lovvarti moru scinntific 
research durinj^ the I930's— especially those 
which contenipialed new responsibilities or 
mechanisms — Tailed to become either law or 
policy, the needs ol" science, and especially 
basic rtisearch, were thoror ^hly ' scussed : 
\\ .Uially a Ueiul loward ^rtiiiuir 

Federal support appciared, strengthened by Ihc' 
needs of national defense. 

As the jimrnal of Applied Physics noted in 
pure research came from four sectors: 
[)rivat(! laboratories supported by 
philanthropic endowment, industrial research 
laboratori(Js, universities, and government 
agencitjs. "Little need be said about those 
laboratories included in the first category," it 
declared. "Let us hope for more of them. 
Industrial laboratories are, of course, operated 
primarily for the profit of their parent com- 
panies and gradually the companies are lear- 
ning that it is i'or their own good to establish 
pure research divisions in their laboratories. 
Much can be done lo encourage more research in 
universities but the place above all others to 
expect research in pure science is in the 
governmental laboratories. How can society 
stand by," it concluded rhetorically, "and watch 
research on electrons, deuterons and neutrons 
becomeso important to everyone without lifting 
a single finger to see that its public servants 
include at least a small amount in the Federal 
and State budgets for research in pure 
science?"^^ 

Whether in the future the Government would 
simply increase its support of basic research in 
its own laboratories or do so through grants and 
contracts to universities and industrial 
laboratories, its role as a source of funds was 
increasingly taken for granted. The tenor of the 
limes was accurately summarized by Karl T. 



in the Ddpnrlmtinl of Aj^rinuiluro, U)3:i-U)40." /\«ri(:iillnrnl 
/lisfriry, 42 ||uly. 190H) 231-240. 

"lUiro Physics IJiij^ms Applinrl Physics," /oiirnr.'l of 
/\/)pli(;cl Physics. 10 (|aniiary. 1939), 3. 



Compton. speaking in 1938 at a birthday 
celebration lor a prominent private laboratory. 
"'If present economic and political tendencies 
continue," he remarked, "1 see only one ultimate 
source of support — the government through 
< n for the general public benefit/"-^' 

iii 1940, the in which the United States 
began to set up its wartime science establish- 
ment, tlie Nation's research and development 
budget stood at $M5 million. Of this total, $234 
million or 68 percent came from private in- 
dustry, 19 percent from the Federal Govern- 
ment, 9 percent from colleges and universities, 
and 4 percent from other sources, including 
private philanlnropic endowments. Each of 
these sectors i f American science, having 
developed separsitely and serving a somewhat 
different clientele, expended its own money for 
its own purposes. The Government was not yet 
entirely convinced that science (especially 
basic science) nad a high claim upon the tax 
dollar; industry feared governmental competi- 
tion in technological innovation; universities 
feared government domination; and many 
scientists were still leery of bureaucratic 
control from Washington. 

WORLD WAR II: 

De Facto FEDERALIZATION 

The coming of war to Europe changed all of 
this. To an extent impossible in the previous 
decade, opportunities were seized and fears 
overcome. Under the spur of this new crisis, 
science and the Federal Government came 
together in a new and closer relationship. 
During the war years funds for research and 
development (exclusive of those for atomic 
energy) averaged $600 million a year, 83 percent 
of which was provided by the Federal 
Government. A large part of these funds was 
funneled through the Office of Scientific 
Research and Development (OSRD). The men 
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niosl rusponsihh^ for ihv. vvarlimt^ sciunco efi'orl 
voiT drawn luainly the IracliliDn of 

acadtMuic : arch. V . ar Bush was iormor 
. t( - pn'Si .rn\ |h(! M.i ,..vu:hust?lls Insliluln nf 
l t'chndloMy, pnisuUinl of the Carnogui Instilii- 
lion of Washington and chairman of Ihn 
National Advisory Committee for Aeronau ties; 
james H. Conant was president of Harvard 
University; and Karl T. Compton was president 
of the Massachusetts Institute of Technoh)gy 
and former chairman of the now defunct Science 
Advi'sory Board. A fourth principal was Frank 
B. jeweti, president of the National Academy of 
Sciences and the director of Bell Telephone 
l.ahoratories. 

A fundamental decision of OSRD was that its 
war effort should he carried cm with as little 
disruption as possible of the existing scientific 
structure. This meant that OSRD would act io 
coordinate and stimulate rather than rearranj^c 
scientific activities. ThrnuHh the use of careful- 
ly worked out contracts, OSRD c(mcenlraled 
work in major scientific institutions and was 
thus able to MOt work underway almost im- 
nuMlialely. One consequence of this system was 
thai the best men and the best equipped 
laboratories were able to make a muximum 
contribution to the technical problems of the 
war. 

Another consecpience was that the strong 
oain(!d slreuMth, Two hundred educational 
?nslitulions between 1941 and 1944 received a 
total of S'^^f) million in research conlracls— but 
19 universities ^ot three-fourths of it, Tvv(i 
thousand industrial firms received alm(isl $1 
billion in research contracts— but fewer than 
too firms ooi over half of it. Bell Laboratories 
had $:iO(),()00 worth of government contracts in 
19:U), and this accounted for a mere one percent 
of the laboratory's activities. By 1944 Bell's 
work for the (iovernment represented H1.5 
prrcenl of ils activities, and amounted to Sno 
million,-' The contract system ^^ni the 
Cnvermnent's work done and vastly increased 
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the funding available for industrial and uni. 
sily scientists— but these new funds were 
heavily concentrated in the largest and most 
prestigious institutions. 

It is hardly possible to trace the fate of basic 
research during the war. Obviously, the 
Nation's research and development effort was 
concentrated on making practical application of 
knowledge already at hand. The Manhattan 
District, organized to bring the atomic bomb 
into being, was an exemplary model of effort of ■ 
Ibis sort. So heavy was the reliance on previous 
basic research that the Department of Defense 
in the mid-1960's reported that its weapons at 
that time were still based upon that "organized 
body of physical science extant in 1930."" At 
the same time, not all American scientists were 
wholly engaged in the war effort and in some 
fields, such as astronomy, geology, and biology 
(as opposed to physics and chemistry), the 
involvement was relatively slight, 

POSTWAR PLANNING: 
CREATING A NEW SYSTEM FOR 
, SCIENCE 

As early as 1943 scientists, military men, and 
civilian administrators within the Governmiml 
began to plan for the extension of governmental 
responsibility for the funding of science into the 
postwar period, using the crisis-tested grant 
and contract devices. Their motives wore 
varied. Within the Department of the Navy a 
small group of reserve officers laid plans for 
establishing an Office of Naval Research to 
keep the fleet abreast of developing science and 
technology.-'' Within the Army Air Corps such 
planners as General Laijris Norstad dreamed of 
increased service contact with university- 
based scientists in order to stimulate both 
scientific research and an active goodwill 
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tovvarti the iiiilKnry.-' Scitmlisls al wt)rk on 
warlinuj prdjncls wore cinxious to rt'lurn to lh(iir 
academic posts hut hoptjfiil of continuing to 
receivo there the; Federal support to which tlioy 
had thrown accustonied. And some reformers, 
hulli within the Government and within the 
community of science, w(Jre anxious to us(} the 
funds and fUixibility of wartime for the 
peacetinu) h{;n(»fit of scitince and its service to 
the Nation. 

Two spciciric plans for organizing P'ederal 
support for postwar science emerged during the 
last months of the war. The first was legislation 
proposed by Scmator Harley M. Kilgort; after 2 
years of hearings and consultations with 
leading scientists. According to his plan, a 
National Scicmce P'oundation would be es- 
tablished vvhieh would supervise the disposal 
of Government funds in thr(;e large areas of 
concern: national defense, lujalth and medical 
care, and "IIkj advancemcmt of the basic 
sciences. 

The second plan was that of Vannevar Bush, 
and was based both on his wartime experienee 
with OSRD and his own conception of how 
science should ho organized. In his report of july 
1945, entitled Scienc(i. (he Enc/I(>s's FronficT, 
(requested by President Roosevelt but received 
by F^resident Truman), Bush proposed the 
selling up of a National Research Foundation 
organized into five; divisions corresponding to 
major arcias of national need: medical r(is(iarch, 
the natural scicinces, national defense, scientific 
personnel and education, and publication and 
scientific collaboration.--' On the subject of 
basic res(;ar{:h, Bush }?tresse(l that it ''leads to 
new kn(iwl(;(lge. It provides scientific capital. It 
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crtjaUis th(} fund from which the practical 
applications of knowledge must be drawn. . , 
Today, it is truer than ever that basic research is 
the pacemaker of technological progress. . . A 
nation which depends upon others for it^ new 
basic s(:i(;ntific knowledge will be slow in its 
industrial progress and weak in its competitive 
position in world trade, regardless of its 
mechanical skill.'""' Th(j long war and intensive 
res(}arch and development effort had, in the 
viciw of many, seriously retarded the growth of 
fundamental science. In thie'past, according to 
this belief, the United States had relied heavily 
upon European scientists, particularly those of 
G(}rmany, to supply this need for it. Now, with 
Europe; prostrate, there seemed no choice but to 
make th(; Nation self-sufficient in this essential 
resou rc(;, 

A bill bas(;(l on Bush's plan was introduced by 
Senator Warren G. Magnuson of Washington on 
tluj same day that vScienc(J, ihu End/es,s Fron(i(jr 
was released to the public. 

Although superficially similar, the Kilgore 
and Bush plans for postwar science were 
formed from very different perceptions of what 
was bt!st for both science and the Nation at 
large. Four major areas of conflict were obvious. 
They could be summed up as follows: 

1 . Whether the social sciences should be 
included in the subsidy (Kilgore thought 
so. Bush did not); 

2. Whether funds should be distributed to 
centers and individuals of proven ex- 
c(dl(mce, or should be distributed more 
according to the traditional geographical 
pattern (Bush argued for excellence as 
defined by peer groups, Kilgore for a 
greater concern for improving those which 
f(;ll short of that goal); 

3. Whether scientists should have exclusive 
jurisdiction ov(;r the spending of Fed(jral 
money or should be held politically respon- 
sible (Kilgor(; emphasized responsibility 
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through the channel of presidenlial ap- 
poinlmenl of the director while Bush 
sought to isolate science from possible 
Government interference); 
4. Whether patents resulting from research 
should be the property of the Government 
or of the discoverer (on this count Kilgore 
argued that research done at the taxpayers' 
expense should be freely available, where- 
as Bush argued that discoveries should 
usu a Uy remain the property of those who 
made them). 

The controversy over these points, par- 
ticularly that involving presidential appoint- 
ment of the director, delayed the establishment 
of the proposed foundation for five years, from 
1945 to 1950.-^' 

In the meantime, large segments of the 
Nation's research efforts were being organized 
under independent agencies, complicating the 
eventual task of coordination. The vast poten- 
tial of atomic physics, not yet publicly known 
when Bush and Kilgore reported their plans, 
was dramatically brought to the publics 
attention in August 1945 with the dropping of 
an atomic bomb on Hiroshima, and had to be 
addressed immediately. The Atomic Energy 
Commission was established in 1946 as a new 
agency with a mission that demanded the 
exercise of concern and initiative in all five of 
the areas that had been outlined by Bush as the 
responsibility of the contemplated National 
Research Foundation. A similar situation 
developed when the National Institutes of 
Health, a small agency with vast paper authori- 
ty, successfully bid in 1945 to take over the 
unfinished medical research of the Office of 
Scientific Research and Development. 

Within the Navy Department, the establish- 
ment of the Office of Naval Research in 1946 
provided a military analog to the yet-to-be- 
formed National Science Foundation, In 1948 
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the director of the Physical Sciences Division of 
ONR wrote that "All of us, both officers and 
civilians in ONR. feel that we are engaged in a 
very important experiment, investment in basic 
research. This experiment," he continued, "has 
two aspects. The first is continuing the 
relationship developed during the war between 
scientists on the one hand and the Naval officers 
on the other, which has had a profound effect on 
naval thinking and procedure. The second is the 
support of basic research on a broad and 
com prehensive scale by the Federal Govern- 
ment." With justifiable pride He claimed that 
"whatever the future may bring, the Office of 
Naval Research has helped to keep alive basic 
resej irch in this country for the past 3 years, 
stepping in when there was no one else able to 
carry the burden. 

In the postwar years few sources of support 
seemed so reliable as the rhilitary establish- 
ment, and while the problem of secrecy was 
found in many areas of weapons research, the 
very definition of basic research argued against 
any such need. Indeed, ONR was proud that in 
1946, "of the five hundred university projects in 
the Physical Sciences Division, only three carry 
security classification."'^-' 

Surveying this new and uncoordinated 
science establishment. The President's Scien- 
tific Research Board, chaired by John R. 
Steelman, declared in 1947 "that, as a Nation, 
we [should] increase our annual expenditures 
for research and development as rapidly as we 
can expand facilities and increase trained 
manpower. By 1957," it urged, "we should he 
devoting at least one percent of our national 
income to research and development in the 
universities, industry, and the Government."*'-* 
The 1957 share was in fact, 2.7 percent, 
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Specifically, Iho Sleolnicin Commilteo 
recommendeci "that heavier emphasis be planed 
upon basic research and upon medical research 
in our national research and development 
budget. Expenditures for basic research should 
be quadrupled and those for health and medical 
research tripled in the next de^auJ, while total 
research and development exp... Jitures should 
be doubled/' In addition, it emphasized that "a 
National Science Foundation [should] be es- 
tablished to make grants in support of basic 
research, , Although the committee realized 
that "in-government research and development 
programs" contained significant basic research 
components, it argued that "the bulk of the 
expansion must como in the universities and 
colleges and be financed by Federal funds/' It 
contemplated a Federal research budget of 
$2,240 million by the year 1957, 20 percent of 
which would be earmarked for basic research, 
most of which would be carried out through 
grants and contracts. Actual Federal budget 
R&D obligations for FY 1957 were $3,932 
million. Of this total, 6,7 percent was directed to 
basic research, 

NATIONAL SCIENCE FOUNDATION 

The eventual establishment of an independ- 
ent National Science Foundation in 1950 went 
far towards answering the call of the Steelman 
Cornmittee, The several areas of greatest 
controversy over the years were individually 
solved in ihi) following manner: 

1, In the eventual legislation, the social 
science? were, by implication, eligible for 
support, although such support was not 
mandated; 

2, Funds were to be distributed on the basis of 
scientific merit, but with respect to 
geographical distribution the Foundation 
was enjoined "to avoid undue conciinlra- 
lion"; 

3, The Foundation director and (he miimbers 
of the governing National Science Board 
were, to be appointed by the President; 
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4, Flexible patent policy would allow patents 
to be retained by those doing the research. 

Despite the new National Science Foun- 
dation's broad mandate, the actual field within 
which it could operate was severely limited. 
The vast fields of medical, nuclear, and defense 
research were already covered by vigorous 
programs located in other Federal agencies. In 
attempting to summarize this diverse Federal 
activity, the Commission on Organization of the 
Executive Branch of the Government (the so- 
called Hoover Com.mission) noted in 1955 that 
some 29 different Federal agencies would 
participate in spending a proposed fiscal 1956 
research and development budget of $2,400 
million,'''' 

MILITARY SUPPORT OF 
BASIC RESEARCH 

The support of basic research by the military 
services was and continued to be a source of 
diverse problems. In 1948 the Director of the 
Physical Sciences Division of ONR pointed to 
the "need for a National Science Foundation" 
but at tho same time insisted that "the ex- 
periences and operations of ONR do indicate 
that the National Science Foundation should 
not be the sole government agency engaged in 
basic research, l^he ONR," he added, "has been 
careful not to become the only naval activity 
engaged in basin research, because giving 
authorization to a single group has certain 
dangers found to be inherent in monop- 
olies. , . This principle was widely ap- 
proved among those agencies who wanted their 
own basic research programs, and found 
support as well on its merits. 

During these same years, for example, the Air 
Force set up its own basic research agency, the 
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Air Force Office of Scientific Reseiircli. As its 
hisKirinn hus written, "That something was 
done in the ond, however, was due less to the 
inner appeal of basic research than to cir- 
(uimsliinccH. Basic research found n niche lor 
itself in the Air Force during a general 
orf-anizalional upheaval of the Air Force's R&D 
aclivilies" broui^hl on by dissatisfaction with 
Ihe Air Force's technological arm, and "the 
Ihrusl of reform of Air Force technology 
possessed enough momentum to carry basic 
research with it." The director of the new 
AFOSR knew that basit: research as such had 
liUle appeal and deliberately kept his early 
budget requests low. In this way he hoped to 
avoid those large expansions and cuts which 
made the budgeting of research so unpredict- 
able.'" 

The legislation dedicating NSF to the promo- 
lion of basic research raised questions as to the 
role of AFOSR and that of other such agencies 
In !4ri4, however, the White House issued 
Executive Order No. 10521 on the Administra- 
li,m of Scientific Research. This document 
appeared to strengthen the part ol NSF in the 
support of basic research in the Government, 
and caused some concern in AFOSR, in a 
response which incidentally highlighted the 
difficulty of defining "basic" research with any 
precision, AFOSR simply redefined all its basic 
research in terms of "exploratory" and "suppor- 
lin"" research. As its historian noted, "any and 
. airiine items that smacked of ivy and ivory 
lowers were blotted out. in their place arose 
such categories as electronics, materials, 
propulsion, and what have you,":'" 

The need felt by AFOSR to do basic 
researr.h-and to disguise it as "applied - 
underscored a continuing uncertainly as to the 
real position of science vi,s-n-vis society. As 
Warren Weaver wrote in his preface to a 



Symposium on Basic Research of the American , 
Association for the Advancement ol Science 
and cosponsors (1959),everyonewasinfavorof 
science "but what is important about science; 
what science really is; what scientific activities 
are 'practical' and what visionary and 
presumably lacking in significance; what kmd 
and amount of support society ought to furnish 
to scientists; what balance there should he 
between the support of basic scienca-the 
untrammHed search for new knowJodge for its 
own sake-and of applied science-the search 
for and the use of knowledge specifically needed 

for recognized practical objectives; these are 
puzzling and unanswered questions."^'-' The 
papers delivered at the sym-posium itselt 
underscored the fundamental conflict: despite 
Weaver's definition of basic research as "the 
untrammeled search for new knowledge for its 
own sake," the symposium resolved into an 
attempt to demonstrate that it was to be 
supported by the public not for its own sake but 
for the sake of improved technology. - 

While, as Weaver pointed out, the rela- 
tionship between science and government was 
still far from being clearly defined, that part o 
the Federal budget that could be classified 
under the heading of R&D grew rapidly during 
the 1955-05 period,^ In 1955 the Government 
research and development commitment 
amounted to $2,744,7 million (including R&D 
plant). Of Ibis total $2,084.2 million was 
obligated by the Department of Defense and: 
another $372.9 million by the Atomic Energy 
Commission, The budget of the Department of 
Health, Education and Welfare (including the: 
National Institutes of Health) was $703! 
million. The budget of NSF stood at only $10,3 
million. lust 10 years later, in 19B5, total 
obligations for re.sc-.arch and development. 
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including R&D plant, had risen to $15,745.9 
mijlion (a more than five-fold increase in the 
decade), of which the DOD obligated $6,865.0 
million and a relative newcomer to the science 
establishment, the National Aeronautics and 
Space Administration (NASA), accounted for 
$5,481.9 million. AEC showed $1,539.7 million, 
HEW had grown to $970.5 million, and NSF had 
risen to $275,4 million. Of the Federal R&D total 
of nearly $15,000 million (R&D plant excluded) 
some 8 percent went to universities, another 4 
percent to contract research centers at univer- 
sities, 21 percent to Federal intramural 
laboratories, and tlie chief share. 62 percent, to 
private industry, Tlie remaining performers, 
mainly nonprofit institutions, took 5 percent, A 
closer look at the funds earmarked for universi- 
ty research in 1965, shows tliat 40 percent camt; 
from HEW, 24 percent from DOD, 12 percent 
from NSF, 10 percent from NASA, 6 percent 
from AEC, and 5 percent from USDA. 

THE 1960's: A MATURE AND 
PROSPEROUS SYSTEM OF SUPPORT 

The orbiting of Sputnik by the Soviet Union 
in 1957 provided both a jolt to complacency and 
a powerful stimulus to action to enhance the 
Nation's capabilities in science and technology. 
In 1958 tlie new President's Science Advisory 
Committee (PSAC) reported that "this year Wui 
U.S. Government will spend over $5 billion on 
researcli, engineering and development, sub- 
stantially more than it spent in the entire four 
decades '1900-1939— and more than the total 
Federal budget of a generation ago," In part as a 
residt of this massive funding, "in less tlian a 
generation, the; United States has wrested 
scientific leadersliip from its birthplace, Eu- 
rope, and since 1945 over lialf of all Nobel prizes 
in the sciences have been awarded to 
Americans, Tlie F(;deral Government has 
played i\n important role in thisachievenumt."" 



Prosithjiil's Scicjncr Advisniy ConiniilhM} ( Wnshinj'tnn. 



EKLC 



The coming of the Kennedy years witnessed 
an even greater flow of funds and optimism into 
the scientific community. Shortly before his 
death in 1963 President Kennedy gave an 
address bef; . '^ the National Academy of 
Sciences on "A Century of Scientific Conquest." 
Praising both the growing support of basic 
research and the closer links between science 
and public policy, he celebrated the fact that 
"we move toward a new era in which science can 
fulfill its creative promise and help bring into 
existence the happiest society the world has 
ever known, 

Whether that goal was a realistic one, it 
fittingly key no ted the euphoria of science in the 
1960's. Whether one looks at total Federal 
spending for research and development (up 
from $9.3 billion in 1961 to $14,8 billion in 
1970), total national spending on R&D {up from 
$14,3 billion in 1961 to $26,0 billion in 1970), 
Federal investment in R&D plant above and 
remaining above half a billion dollars annually 
after 1960, the number of institutions granting 
doctorates in science and engineering (up from 
162 in 1962-63 to 229 in 1970-71 ).•»:» or the 
number of doctorates earned in science and 
engineering (8,055 in 1962-63 and 18,466 in 
1970-7 1 )— the story seemed always one of 
phenomenal growth. The result of this massive 
spending was a scientific capability with new 
facilities, new practilioneirs, and new expec- 
tations of support. There were, however, 
subsurface counter trends, developing into 
mismatches belw(;(m resources and claimants. 
Unforeseen disturbances lay ahead, 

CHARACTERISTICS OF THE SYSTEM 

This large research establishment, as it 
flourished in the mid-1960's, had s(iveral salient 
features. Fir.sf, it was lieavily dependent upon 



|(ilin K. KiMiiuuty, "A Crntiiry til' .S(;I(!nlilu; CniujiMJsl," in 
Till! yiv.iv.Dtijii: Euihnvor: Coulonuhi Cv.h'.UnitUm of ihr. 
N(tlh)t\til Av.iHlinm' of Sritnwvs {Nr.w Ytirk, lH(i5), p. ;nH. 
" Sr.hnwA; ImlivMlor^— li)7'2. I<(}p(n'l of iIkj Nnli(nifil S(:i(!n(:(! 
Uuiml \\)7[] (WnshiiiMlnn, 1073). pp. U)B-(M), 115. KJ.'j. \'M\. 

RESEARCH IN TI IE UNrPED STATES 1 5 

26 



Figure 1-1. National R&D Expenditures by Character of Work, 1953-76 
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*1975, 1976 estimated. 

(a) Based on the GNP Implicit Price Deflator. Source: National Science Foundation 



Federal funds. Even before the sixties, over half 
of the funds for both basic and applied research 
carried out in universities came from the 
Federal Government. Second, the bulk of these 
funds came from agencies tied directly to U,S, 
international competition with the Soviet 
Union (DOD. AEG, NASA), Third, except for 
the budgeting process carried on in the Ex- 
ecutive Branch, the system was not effectively 
coordinated or integrated by any science policy- 
making body. And fourth, and perhaps most 
importantly, it was a system which had proven 
itself acceptable to both government agencies 
and to nongovernmental scientists. The 
problems which arose over distribution ol 
funds between regions, disciplines, in- 
stitutions, and individuals were partly smooth- 
ed over by rapidly expanding budgets and the 
fact that most agencies relied heavily upon 
peer-group evaluation by panels of established 
scientists. Finally, the total national expend- 
iture, including that of the private sector, for 
research and development was growing faster 
than the gross national product. In 1953-54 R&D 
equalled about Vk percent of the GNP; by 196 1- 
62 it equalled almost 3 percent. 

By the mid-1960's, it was clear that although 
the total national R&D effort was growing, its 
distribution had settled into a pattern, justified 



by arguments which had changed little from the 
prewar period. Most R&D money (two-thirds) 
went for development, and the vast majority of 
that was performed by private industry. (See 
Figures 1-1 and 1-2), More than one-fifth of R&D 
funds went for applied research with, again, 
private industry doing most of the work. Finally 
iibout one-eighth of the funds went for basic 
re.search, half of which was done by colleges 
and universities and their affliated contract 
research centers, almost one-fourth ot which 
was carried on by private industry, one-sixth 
by Federal agencies directly and less than one- 
tenth by nonprofit institutions exclusive of 
universities and colleges. Except in the case of 
private industry, the Government paid the bulk 
of the money for basic research performance. 

CHALLENGES TO THE SYSTEM 

Forebodings about the future of Ihe system 
had been sensed early in the decade, Whether 
from a distrust of good times or a shrewd 
reading of the political winds, Philip H, Abelson 
warned in 1963 that "my guess is that the 
honeymoon is about to end and that there could 
he trouble ahead/'^^ One source of concern was 
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Figure 1-2. National R&D Expenditures by Character of Work and Performer, 1953-76 
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M975, 1976 estimated. 

(a) Includes Associated Federally Funded Research and Development Centers. 
Source: National Science Foundation. 
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lh(j impiiul thill U\v\!,r. iMuloral suhsidiiis wm 
having u\)im lh(; Nation's institutions oi" hi^lH? 
(jdiicalion. In 1959 Cliarhjs V. Kidcl published a: 
inriuiinlial study of AnKirican Univv.vnUir. niU 
IuhIvsoI H(?s(;nn;/i. th(j t hesis of which was \h ' 
larM^i-Ht'id(! FcMhM-al financing of r(js(iar(:h h.-!S 
in nu)tion irrdviirsibhi forciJs that aiMi aii( ;i 
lh(i natuiMi oTuniviM'siticis, all(;ring th(;ir tNij - 
ty to teach, changing their financial slalub 
modifying th(j character of parts of the iMMhira 
achninislrative structure, establishing nev 
political relations, anti changing the vva; 
rijsearch itscdf is organized."'*'^ The expansion 
F(id(;ral R^^cD following Sputnik, (jspecially 
through er(ialion of the National Aertjnauticiy 
and Space Athninistration and th(; National 
Delense iMlucalion Act, grtjatly increased 
Federal R^^cl) spentling. At the end of th(;decade, 
lh(J historian A. Hunter Dupree said that "for th(J 
first lime since the period 194r)-47 the United 
Staliis is in the midst of shaping a new sci(mce 
policy. The old governmcMit -university 
i)artn(:rshii) (has) already lost its basic 
rationale. , . 

Thi; acad(;mic scicmcci (istablishmcml jKir- 
licularly, bas(Ml on a governnujnt-univ(M'sily 
partnership, was threatened from the inside by 
its own growth (iV(Mi as it was buffet(;d by 
re|)(M'cussions from the war in Soulhiiast Asia 
and. tli(» growing environmental crisis. Evv.n 
\\\uU) iunds for iellowships, research, an[l 
facilities w'C.n) growing fluring the UiBO's, the 
incr(!asing numl)er of scientists wanting sup- 
port lowered the |)(M' capita subsidy to each. 
Between H)()4 and 1970 the proportion of Ph.D. 
academic staff in sciimce receiving Fediiral 
support and (Migagiul in basic research fell (lor 
all fields) from 09 perciuit to 57 p(ircent. During 
this sam(> pcM'iod, rcisearch funds (b[)th FiMhiral 
and olh(M') \iv.v scientist and (Migineer in 
(loctoratii-granting institutions droppiul ironi 
$ i:i,KJH loS 1 Ka2() (inconstant 1961 dollars ). T(» 
make matters wors(J, research support l)asedon 



.v::ching r(isponsibilities was un: rrm-rind by 
fact that hT/ 1971 students de.c^i^rine.', majors 
it physics aginiiering, cheiniHr and 
m^ . hematic:- ere declining. And ioik ' the 
j-,ir(nlem, b\ 171 although empl ites 
for MMimtis s r. id engineers w-rei «' d n for 
y orker."^. unemployment ^ mder 
(;ars i i age was over I) pt The 
•)erity of the sixties was provi ^K. K» 'U less 
wholly self-sustaining. 

.ith the coming of the 1970>: t-^^ once 
iatively prosperous and apparer^tl stable 
ciencestructure began toshow vulne: bility in 
two additional major areas: the prope neasur- 
ing of effort between basic and appliei > esearch 
anti tht; proper division of responsibility in 
science between military and civilian agencies, 
I3(;hind both of these lay the changing role of the 
Cold War as a justification for the Federal 
commitment to R&Defforts, Initiatives aim(}d at 
easing of international tensions between the 
grtJrit pow(;rs, and a new awareness of such 
domestic probl(;ms as decaying cities. 
det(U'iorating public health and safety, shor- 
tagtis ()f (^n(;rgy and materials, and increasing 
pollution l(;st(Ml the flexibility of th(i science 
establishment. As new diuiumds on th(! Federal 
budg{!t {:ompet(Ml with established R^^D 
programs, it was inevitable that the cost- 
(d*fecliv(;n(iss of basic research should again be 
(|U(JHtion(;d. 

Some att(;mpts to answer questions about the 
cosl/effecliviMKJss of basic restjarch took the 
form of cas(; histories for technological in- 
novations. The Departmcmt of D(d'ense 
pridiminarily r(ileas(Ml PvojiHil Hi/ulsighl in 
19()(^;"* th(! National Scienci; Foundation funde.d 
7'echnology in H(?lros/)(M:l iiinl CvilirMl Eve/ilsin 



'-(llMih'S V. KitUI. .Atrirrtcdii MniviMSilics unW I'l'Wmrl 
Ursrnrcli iCnnbritlMf. 1!).'")^), p. v. 

i-jlihiriiil in SrinM r. IBO (Inly 10. 15)70). 
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Mirnlsi'-inl.' ^nmn: 15B Hun.- IW. \\n\7] 157l-l.^t77. Also. 
Kiiyiniiml S. Isrnsnn.' Otllcr i»t tin- DiriMilor ui !)»'l«Mis»i 
Kcs.MH.il anil l-iDLiinciMiii^. fniMwl Miinlsmlil l-iiu/l Mcpiwf 
1 W.islnniiliin. !<)iiill. .Av.iil.ililr Innn Nnlion.il IVi luii<:iil 
lnti)i rii^iliun Scr \ ii i- .ts AD Mir. ^lO.'r 
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-irr vjk TRACEH)*" which api? arc- . \n . M)3 
a*ui ir - actions .;f Sr/iunvA* ami ; fjch/ioJcM ;y in 

wh.H,h aprpeared in 1973, Thuse H::uclit;s 
attempUul lo document Ihu cu)ntribulic)n»« »i'and 
chjtfrr. )h)«5i(:al reJationships btJlween basic 
rus^ , ':h, appliod research and dcvelopnn nt For 
se' \ l«f:hnohH4i(:al innovations. AJilhou^h 
ea:' iidy hi^hlii^htcjd [hv. lime dfiUiys r ' xv.im 
pU) ,n;ilior] of research rc ;uUs ' the 

uli!i/rMU)n of ^:_jn: rosiills, only tho t NSF 
prr s iLIiislrat(!(i how basic roscarci had 
CO: 5nUM;i to tht improved produ( . ivily, 
stai uirtl uF livint^ and economic si .us of 
socioly, HnweviM', vvhih; these case stud}:^:'s vvero 
underway, questions were also raised as lo 
where basic reseai'ch should be done and .nder 
whose sponsorship. 

The marking oul oF boundaries for miiilary 
research activity was tried anew in the 
Mansfield amendment of 1970, which sought to 
limit military support of basic research to those 
areas clearly within the military's mission,-'' 
Behind this eFfoi't was the belief that while basic 
research was a worthwhile object oF Federal 
subsidy, military sponsorship in most cases 
carried a larger liability than benefit. NSF, it 
was hoped, would be able to pick up the funds. 
In practice, it proved easier to deny funds to the 
military than to rebudgel them for a civilian 
agency. 

As the decade oF the sixties faded and the 
seventies began, the weaknesses oF the postwar 
scientiiu' system, added to some adverse results 
of its successes, awak(med apprehemsion in 



many observers. In December 19G9 a preside: 
tial Task Force on Science Policy reported th^ 
"urgent and critical funding problems do exist 
in many areas of science and technology today. 
All aspects of science policy are currently 
strongly inFluonctjd by the fact that, after years 
oFrapid growth. Federal Funds for the support of 
basic research and academic science have 
level(;d, or, considering the effects oF inflation, 
chicreased in recent years. Intense budget 
pressures and very difficult priority choices 
exist/' The report in a subsequent passage 
detailed sonur consequences of the decrease in 
support levels, embracing them in the phrase 
"this general crisis, 

Also in 1969 former presidential science 
advisor, Jerome B. Wiesner, noted that "there 
has been no time in the post-World War II period 
when the situation looked as bleak, nor were our 
scientists more discouraged,'' Wiesner called for 
"a recommitment to an aggressive, vital scien- 
tific program, a rededication motivat(;d by the 
true need of our society, the need to be 
continuously inventing our future, if we are to 
remain a vital nation."'''^ 

In the context of such statements lay 
reFerences, direct or implied, to the persistence 
oF issues confronting research in the United 
States through much of its history. The voicing 
of ('oncern was also the statement of a challenge. 
The history reviewed here provides hope that 
this challenge can be met by study andaction so 
as to continue progrijss in the history yet to be 
written. 



Th«! Illinois In,stitiilt» TiMjhnolo^y Ri!Sonrr;h Inslitutu. 
'nM:/Hn>/o,uy in Ht.'/ros/KM.-f run/ ('rifir.Mfl /■A't.'uf.s in Sr;i(.wu:(;. 
f'/'/MCKSi. Pr(rpiir(;fl Uir \ hi) Nalinn.jl ScirmciilMuindntirjii, 2 
vols., (UU)H). Avjiil.ihh.' IVdiii Niiliimal Trjchnical Inloriiia- 
tifin Service: Vdl. 1. PH 2:M7{)7/AS; Vol. 2. I>U 23^7(iB/AS. 
■'"Ballrllfj C^dluuiUuK I.al)fn*Jilf»rics. /!il(irru:f inns of ScijMici? 
ami '/*(.'f;iiiMj/o^y in llir /fiiuu-rjlivd /VrxMJss: Hanw Cami 
Siinlhs. |H-t>|)ar(Mi lor tlio Nalldiial Sf:i(Mi(:r» Krnindation (C- 



()l)7), March. in7:i, Cdliinihiis, Ohio. Availabh» fniin 
Niitional 'nichnical Inrorniatimi Snrvirn as PH 228-noH/AS. 
■■' S(M? fdiMixaniplfi. Sr;i(!iH;i.'. 169 (SeptdnihrM' 11. 1070), KJ'jO. 

,S(:i(in(:ji (nul '/V«(:/uio/r),yy: '/nf)is for /V().yr(;ss. 'rin; Rnporl 
(»r lli(! PiMisidfjnt's Task Vdvcm nn S«:ifMii:i? Palicy (April. 
m7()). pp. V, 25. 

'* IiM'ouu! B. Wi»!siu!r. '"Kfilhinkiii^ Our ScitMit ific 
liv(js," '/'(;r;/MU»l»j.yy iijfV'icu-. 71 (jamiary, KKiH). IT)- 17. 
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THE INQU/IRY 

TUTHE RESEARCH COMMUNITY 2 



SEhSr '%I3 OF THE INQUIRY LETTER 

As t: ' Foreword hssintlicalecl, Ihe purpuso of 
this P'tirrDrt is lo alertt responsible persons in 
govenrrm^fr.t and Ih.epiaiblic lo critical issues thai 
are curr<;nlly af feeling or will soon affect the 
conduct of rosearch in this country. In order lo 
determine what these issues are, the National 
Science Board ctjntacted a large segment of the 
research communily in the United Stales, and 
asked them what they see their problems to be. 

Thus a letter of inquLTy was sent to a selected 
set of persons respons^ible for the direction of 
rosearch throughout the scientific communityj 
Each person contacted was asked to suggest 
"the two most critical issues/problems facing 
fundamental (long-terrn, basic) research, as you 
see it, in the near-term future," "What critical 
issues/probhims will condition scientific and 
technological restjarch. , . and will decrease its 
effectiveness unless properly addressed?" The 
respondents were inltmtionally given a great 
deal of freedom in the suggestions they might 
make. The oni- limitation was that the planned 
Report "is nc- fjs much concerned with dollar 
support as v: ^th circumstances in the in- 
stitutional, miinagerial or policy environment 
which will mtluence the productivity of wcjrk- 
ing scientisth^ ami engineers." 

For the puirposes nf this inquiry, the scientific 
community was tiivided into four "sector's": 
university, iBuiiStiry, Government, 'and i in- 
dependent rtfsearch; institutes (IRTs). 1'he 
Government sector comprises all Federal 



' Th«i cjinipicilo ji.'ltriLs IcMlnr i.s slinvvn in Apptsndix H. 



laboratories, whedior they are Fffderal in- 
tramural laborat(U'ies or Federally Funded 
Research and Development Centers (FFRDC's). 
FFRDC's are contractor-operated R&D 
organizations established to meet the particular 
needs of a Federal agency. Examples of FFRDC's 
art; Kilt Peak National Observatory and RAND 
Corporation. Independent research institutes 
(IRI's) are separately inctjrporated nonprofit 
organizations operating under the a:Tection of 
iheir own controlling bodies and performing 
; . & D i n a n y ( J f a w i d e v jir i e t y of f i e.i .:i s . 

The inquiry letter was sent to the presidents 
and vice-presidents for iresearch^ at a selected 
set (jf universities, ncasnely ,th(jse that were 
classified by the Camnegie Commission on 
Higher Education as Research Universities I or 
Research Universities II, Research Universities 
I are the 52 leading universities in terms of 
Federal financial support and production of 
Ph.D.'s, Research Universities II are the 40 
additional universities that are leading in- 
stitutions with respect to either Federal support 
or production of Ph,D.\s.*' 

In addition, each university vice-pr^esicimt 
for research was asked to supply the iriimes of 
the chairmen of five of his mosl active 
departments in science and engineerihng.^ The 



- 'I'itlcs for (;()inpin*al)I(! jiosillons vary ainon^ inslilufinir^r. 
I-*f)r a I'lilNir (l.isciisHion, soe AjijirikHx A. 

' Kor lh(! (jxficl (l(;finili()n, s(!(i Camcj^ie ("".(MmnissM; m csn 
Hi^h(!r Kdiicnlinn. /\ Ohiaaificiitnni of /n.s/iiMf fons i)\ i i.'ii'nrr 
Eiiiiailion (HcirkcHdv, H)7:)). pp. 1-2. 'VUv. nniiirs ol ilh'sc 
iii.stilulidn.s ar(i H.sUmI on j)p, 9- If) ol' that j)ul}i:K:Hl i(in .md 
alsd in App(!n<lix (' (if this Roporl. 

' 'I'hti Inllfjr (MiiploytMl is includi'd \i\ AppcintllN H. 
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incu.jr^ Ml(?r was also son! U: them. :n all, 445 
ch:^ :.rz. wnre conlacleci from a variety of 
dfe^jp^r .js and all 92 Carnegie Research Un- 
iveirsi-uv . Together with th(^ presicients and 
vi'.e -Tf±sidents, they represent a very con- 
sid(M'al)h sampling of the resor;rc:h management 
at U,S. universities. 

In tht' industry sector, the presid(;nts oi a 
group of major corporatitins were contacted. 
'I'hes(? corporations account for about one-half 
of company-funded R&D spending in theUnited 
Slates, 'Vh\) companies selectetl were chosen to 
obt ain nnnquate coverage of those industries in 
which basic research plays a significant role. 
Sev(M'nl companies were selected from each of 
Ih-^ v'^" industries performing basic research. 
Fr in i!.'. UHlrios devoting fewer resources to 
basic re. :-arch, only one company was selected. 

Letters were also sent to all 100 members of 
the NSF Industrial Panel on Science and 
Techn(jlo-gy. These panelists were originally 
stile -led lo represent "the large, medium, and 
small firms doing research in each major 
industry, such as eU Ironies, aerospace, or 
instruimeiils. Typically, the top R&D official 
within a company is the panel member. 'i*his 
moans thai most members are vice-presidents 
for resciarch or directors of research; in some 
castas where research is conduc:led by a researt:h 
sub.sidiary. the panel mvMid)er is the president of 
lh(^ research on:^anii:at ion. The companies 
r(}pr(?s(?nt(?(l on ihe NSF Industrial Panel 
togclher iccount lor r.-Lnrly two-thirds of all 
industrial R&D sp r ' ni: 

In the (lovernmfM: sectcjr, all Federal agen- 
cies with major scier. liic research efforts-^ were 
coven?d. Directors (,-; selet;tetl intramural 
Federal laboratories and the directors of all 
Federally Funded Research and Development 
Centers jFFRDCs -^ere contacted. Letters were 

:i,ispcl on /nvt.'sd.ua. Hf/'orJ (jii "Utili/.ation »>f Kr'JjM'ol 

l.ri ■■^r<itnrir> \ whidi Part 7 ol" A.uricull nn-Kii viron- 

m.- :ri iind (.nnsnirn.T • fi.ui .AppiDprin/ ions for i!i75 

Mr ?Mn«4s. [!.S. liousr ! pif5»''nl 'i' i^'*-*^- (-'"niniiOtM^ on 

Ap; ' fiprijjtinns. Sulx ^ inui Um; nn AMi ii'iiHin'^J-t-inviron- 

m.'iV.il and Cjjnsum*'! I'rriUMilinn. n;inl Conc^rnss. 2(1 
,S»'-iinn. 1!)74. 
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also SI nt to the r ihesl ni -knm "ficials of 
Federa agencies t?aiing \at!n s ■ ince and 
techn logy, Tr Federal inina m u ral 
labora iries were selected o remrfisenl the 
speclr T of reseach acliv::7 i'tite parent 
agenc> Almost all uronduct bsBni^c: -^r.sei .jrch; most 
do app ed research or develn^iri:' T.t ^zS well. 

Simi.,Lrly, in the :ase (ji 'tu inof^ipendent 
resear: ; institutes, letters vA-n? :]ent lo the 
presid ; its or directors of lab :JTii3ries from 45 
of the institutes that were 11 deu as being the 
larges m terms oi research md dr^x elopmenl 
expeniiikires in 1973, Together they accountied 
for 78 percent of all research and development 
expenditures in such inslilut&s,'' 

The scope of this study, iheirefore, was quite 
broad. Table 2-1 shows the number of letters 
sent as well as the number of responses, by 
sector and by subgroup of respondents within 
each sector. The inquiry was^designed so as to 
gel a response from each seclarin which science 
or engineering is done. At the same time, it 
limited the number of "issues" to two, in ordej- lo 
obtain a sense of priority and urgency. 

By choice an open qu{\M ion waiH. asked^. in 
place of a structured quesriunnaire suitabUrfor 
quantitative statistical .Tnul'.ysis, This method 
allowed the research ccr:::!nunity lo stale tr.eir 
concerns in iheir own va -^Is. While it mavr be 
desirable lo do a more qi.arJdlative study laisr. 
this kind of study ..^ mti?? suil-jfele for an ini:iitil 
exploration of Ih ir -piniiiiLS. 

RESPONSE TZ> ^HStPlQUIRY LETTEE 

The rate of-isponse heirarairy letlyn-^'as 
gratii'yingly This car.::nf^ ?feen frnmllTjb.le 

2-1, which sb rws the numir tF letters sentcOT 
e. ch sector, Lie number o: : L^3j?Tmses received. 



• "I'his {'vA^wv wiia (jljtiiint-: \vn:: ihr aiilhurs oi Hi^O 
.■\(:lf\ ifi(rs i\\ U\ii' in'.mlnU Noirnroiii :nM iiijf ions. 1 M7:i, NSF 
7ri-;U»H. As tlKMliscussion bcio v, intli( -m's. nol all of tht"«^ 4r) 
insllluli's were slill in (ixislmcc n\ nc time ol' llu' intlc.r 
in(iiiiry. 
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and Iht; percenluge rale of response.' The 
industry sector had the highest rtile, 81 percent. 
The return from university presidents and vice- 
presidents for research was also quite hi^h, at 
82 percent and 78 percent, respectively. The 
response from department chairmen was 
smaller, perhaps because Ihey were contacted 
at an awkward time in their schedules. While 
the other administrators were contaclec m May 
and lune, the letters to chairmen did nc. jjo nut 
until late .summer. FFRDC's (v^9 perctuit) and 
indcquMident J-esearch institutes [5'd percent) 
showed the lowest returns. Five of the ■ ndepen- 



dent research institutes taken from the 1973 
listini^ had g(jne out o: business by the time of 
the letter inquiry. Hence Table 2-1 shows only 
40 institutes as having been contacted. 

The high overall rate of response indicates an 
intensity of concern within the research system 
about its immediate future, and the auality of 
these responses is evitlence that a gr^nat deal of 
serious thought wen' into them. Th- National 
Science Board greatly appreciates thi valuable 
:;ontributions that the respondents have made 
io this Report. 



Table 2-1. Responses to the NSB I nG?uiry tetter 







Letters 
Sent 


Responses 
Received 


Per- 
cent 


University 








79 


Presidents 




. ... 52 


41 






40 


34 


85 






92 


75 


82 


Vice Presidents 




52 


40 


77 


for Research 




40 


32 


80 






92 


72 


73- 


Department 




. . . 250 


172 




Chairmen 




195 


122 


e:/ 






. . . . 445 


294 


66 






629 


441 


70 


Industry 














. ... 100 


78 


78 


Presidents of Corporations 




51 


45 


88 








123 


81 


Governrrmnt 










Directors of Federally Funde;./ - esearcr an" 










37 


22 


59 




36 


25 


65 




8 


8 


1QQ 






81 


55 


6B 


Independent Research institutes 










. . . . 40 


21 


53 






901 


640 


71 



' AppiMn!i\ C list.s \hv. iianu}.^ of \hv rospn .tlimt •, tln'ir 
instiluti(jns. iiccordiii** to sector. 
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ANALYSIS OF THE 
RESPONSE LETTERS 

When the response letters were received, they 
wore subjecled to a content analysis. The 
purpose of this anniysis was to develop the most 



suitable set of categories under which to 
classify the problems and suggestions con- 
tained in the letters. The original inquiry letter 
had not contained any such categories, since its 
intent was to give the respondents as much 
freedom as possible in their replies. 



Table 2-2. Issues Most Often Mentioned from the University Sector 



There is pressure for applied research in preference to basic or pure research; projects are overly 
"targeted" or their subjects too minutely defined. 

Thpre is need for more continuity and stability in government funding of research; research grants 
should be longer. 

Hiring and research support problems are experienced by younger faculty; departments cannot hire 

because of tenure; older faculty do not leave. 

The continued supply of manpower to do research must be Insured. 

More coordination of research at the national level, more consistent policy, and more planning are 
needed. 

More support is needed for graduate studies. 

More money in general is needed for research; there should be more basic research. 
The public has a negative attitude toward science and technology. 

Govorniment (State, local, or Federal) or one of its branches or agencies has a negative attitude toward 
--^cie^-ice and technology. 

Funds are needed for research equipment. Instrumentation, and malntenance. 
IncressHd teaching loads lake time away from research. 

More support for university research should be supplied at the mstitutional level. 
A program of education or communication is needed to convinCHtthe public and governmentcrf the value 
of research. . . 

There are excessive demands for accountability In the use of funds provided by government. 



Table 2r3. Isbu^^ WSast Often Mentioned from the Industry Sector 



Go^arnment regulations and controls (unreasonable, not thought out, no cost/benefit/nsk analysis). 
Absence of national science and technology policy, priorities or goals. 

NeaMerm relevance is only research objective (due to government regulations or decentralization 
of research to profit centers). 

■Graneral economic conditions, particularly inflation in sal'arles and laboratory costs, lead to decreases in 
-miamental research in industry. 

L.OW public confidence in and/or poor image of science, technology, research or scientists. 

LaCK of availability of money, low profitability or obstacles to capital formation lead to decreases in 

fundamental research in industry. 

Concern over general decrease in fundamental and other research in Industry. 

D.eteriorating patent protection or patent policy is a disincentive to industrial research and 

innovation. . 

Too few/too many scientific and technical personnel-no match with need- lack of national policy on 

scientific and technical personnel. 

Competing R&D funct^ctns'te.g.. applied research ordevelopment in response to government regulatrons)^ 
decrease fundamental! research in Industry. 

Concern about qualit/- ofnrew people—best are not enterlng science and engineering 
or, if they do. are kept fornniversity. 
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The; IcMUirs vv(jro first clivickid acicordinjj to 
sector. For each sector, an initial set of letters 
was read, and a list was made of the problems 
and suggestions that they discussed. This list 
was red.u:ced to a smaller list that combined 
statements of Issues that were very similar, and 
this became the first tentative list of categories. 
The list was revised as more letters were read 
until categories were reached that would cover 
almost ail of the responses. A count was kept of 
the number of responses that fell under each 
category. Furth(?r details. of the analysis can-be 
found in Appendix A. Some members of the 
National Science Board verified the list of 
categories by their own independent reading of 
the lefHrs 

The ca.-{'^ii4ories that were developed from the 
letters by t;he above method are the concerns 
ami needs oi' the ^Jation s scientific enterprise as 
tkejrr iwv. p^*nr£:::ved within each sector. Tables 
2-2 trrrrou^h list the issues mentioned most 
ofe?nB frorA each sector, roughly in the order of 



their frequency. A complete list, which includes 
the less frequent issues, is given in Appendix D. 



RESULTS OF THE ANALYSIS 

If one examines the four tables of issues from 
the four research sectors (Tables 2-2 to 2-5), it is 
striking that all the sectors expressed such 
similar concerns. The preliminary analysis of 
the response letters divided the Nation's 
research effort into separate sectors, but it can 
now be seen that the commonality of interests 
among these sectors is much more significant 
than their differences. This is one of the most 
important results of the present Report. 

The similarity of interesjts can. be exhibited 
most easily by rearranging id! th^^ issues listed 
in Tables 2-2 to 2-5 so that similijr issues from 
the different sectors appear togetaier. This leads 
to a new set of tables, each of wii-iich combines 
issues from all sectors under a coxnmon heading. 



i:abte.2^ Issues Most Often Mentioned from the Government Sector 



Need for coordinated research policy at the national level involving long-range planning, 
commitments and priorities. 

Increased emphasis on short-term research and neglect of basic research. 
Overmanagement as evidenced by too many restrictions, especially on longer-term research. 
Need for increased or stable funding. 

Desire for improved personnel management (e.g.. personnel changes, salary scales, staff levels, 
etc.). 

Need to maintain research staff vitality with more positions for young scientists and continuing 
education for older ones. 

Meeting public demand for justification of basic research programs with respect to mission. 
Lack of Congressional or Executive support and understanding of basic research. 



Tablf^ 2-5. ^sues Most Often Mentioned from Independent Research Institutes 



Need for long-term continuity in funding. 

Lack of coherent national science policy especially toward IRI's. 
Need for adequate justification of research, 

Manpower needs— particularly in IRI's— os problems associated with multi-disciplinary efforts. 
Federal pressure toward over-direction of research with emphasis on short-term or applied 
research. 

Need for research funds including construction funds. 
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The following four headings were selected as 
the most suitable ones under which to group the 
issues: , 

• Dependability in Funding for Research 

• Vitality of the Research System 

• Freedom in the Research System 

• Confidence in Science and Technology 

In Tables 2-6 to 2-9, therefore, the issues from 
the four preceding tables are rearranged under 
these new headings. Within a table, the issues 
under each sector that were mentioned most 
often are listed first. The headings state the 
broad issue areas that include the particular 
issues reported by the respondents. 



These new tables provide the basic structure 
for the remaining chapters of this Report. Each 
of the following four chapters will be based on 
one table and will discuss the issues listed in 
that table, thereby covering all of the research 
sectors. The discussions will consist essentially 
of quotations taken from the response .letters. 
The interconnections between the issues will be 
pointed out, as well as the similarity of views 
among the sectors. In this way, it is hoped that a 
clear picture will emerge of the deep concerns 
that the research community has expressed 
about its prospects at this point in its history. 



Table 2-6. Important Issues Pertaining to Dependability in Funding for Research 



University ^ i_ u ♦ 

There is need for more continuity and stability in government funding of research; research grants 

should be longer. 

More coordination of research at the national level, more consistent policy, and more planning are 
needed. 

More money in general is needed for research; there should be more basic research. 
Funds are needed for research equipment, instrumentation, and maintenance. 
More support for university research should be supplied at the institutional level. 

Industry ^- . 

Absence of national science and technology policy, priorities or goals. 

General economic conditions, particularly inflation in salaries and laboratory costs, lead to 

decreases in fundamental research in industry. 

Lack of availability of money, low profitability or obstacles to capital formation lead'to 
decreases in fundamental research in industry. 

Concern over general decrease in fundamental and other research in industry. 
Government Laboratories & FFRDC*s 

Need for coordinated research policy at the national level involving long-range planning, 

commitments and priorities. 

Need for increased or stable funding. 

Independent Research Institutes 

Need for long-term continuity in funding. 

Lack of coherent national science policy especially toward IRI's. 

Need for research funds including construction funds. 
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Table 2-7. important issues Pertaining to the Vitality of the Research System 



University 

Hiring and research support problems are experienced by younger faculty; departments cannot hire 

because of tenure; older faculty do not leave. 

The continued supply of manpower to do research must be insured. 

More support is needed for graduate studies. 

Increased teaching loads take time away from research. 

Industry 

Concern about quality of new people— best are not entering science and engineering 
or, if they do, are kept for university. 

Too few/too many scientific and technical personnel— no match with need— lack of national 
policy on scientific and technical personnel. 

Government Laboratories & FFRDC's 

Desire for improved personnel management (e.g.. personnel changes, salary scales, staff 
levels, etc.). 

Need to maintain research staff vitality with more positions for young scientists and continuing 
education for older ones. 

Independent Research Institutes 

Manpower needs—particularly in IRI's— as problems associated with multi-disciplinary efforts. 



Table 2-8. important Issues Pertaining to Freedom in the Research System 



University 

There is pressure for applied research in preference to basic or pure research; projects are overly 
"targeted" or their subjects too minutely defined. 

There are excessive demands for accountability in the use of funds provided by government. 
Industry 

Government regulations and controls (unreasonable, not thought out, no cost/benefit/risk analysis). 
Near-term relevance is only research objective (due to government regulations or decentralization 
of research to profit centers). 

Deteriorating patent protection or patent policy is a disincentive to industrial research and 
innovation. 

Competing R&D functions (e.g., applied research or development in response to government regulations) 
decrease fundamental research in industry. 

Government Laboratories & FFRDC's 

Increased emphasis on short-term research and neglect of basic research. 
Overmanagement as evidenced by too many restrictions especially on longer-term research. 

Independent Research Insiltutes 

Federal pressure toward over-direction of research with emphasis on short-term or applied 
research. 
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Table 2-9. Important Issues Pertaining to Confidence in Science and Technology 



UntvQrsitv 

The public has a negative attitude toward science and technology. 

Government (State, local, or Federal) or one of its branches or agen as has a negative atmnjde 

toward science and technology. 

A program of education or communication is needed to convince the public and governrmHnt o. 
the value of research. 

public confidence in and/or poor image of science, technology, research or sciennsts. 

Government Laboratories & FFRDC's ^ , „ 

Meeting public demand for justification of basic research programs with respect to mission. 
Lack of Congressional or Executive support and understanding of basic research. 

Independent Research Institutes 

Need for adequate justification of research. 
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DEPENDABILITY IN 
FUNDING FOR RESEARCH 



The issues constituting "Dependability in 
Funding for Research" display two broad 
aspects. One pertains to funding for research 
projects, with special emphasis on continuity 
and stability. The other involves planning and 
policymaking in the overall management of 
research funding at the institutional level and at 
the national level, A principal goal of this 
planning and policymaking is assured continui- 
ty and stability in funding for research. 

Respondents noted that research is 
characteristically a slow and methodical 
process by which new knowledge is sought 
through systematic investigations. The out- 
come of these investigations, they emphasized, 
cannot bo predicted; the results of following a 
lead may turn out to be negative or may indicate 
fruitful new paths for further research. So, 
respondents argued, the research scientist 
ideally should be able to count on stability and 
continuity in his research support wherever it 
may lead. However, the present collection of 
letters indicates that certain conditions make 
such reliable support difficult, and in some 
cases, impossible. The destabilizing conditions, 
factors or situations mentioned in the letters 
differ by research sector and by source of 
supporting funds. Nonetheless, throughout the 
sectors of research, respondents identified 
uncertainty in funding as a source of problems. 
In several cases, respondents explicitly pointed 
out that the desire for dependable funding is not 
just another way of asking for more money. 
They went on to say that the continuity is more 
important than the level of support. 



The leading issues pertaining to dependabili- 
ty of funding for research are presented inTable 
2-6 of Chapter 2 and are discussed below. 

Industrial responses generally noted 
decreases in research, especially nfiore basic 
research, and frequently related these decreases 
to changes in funding due to prevailing 
economic conditions such as inflation, low 
profits, and decreased availability of capital. 
The industrial respondents also reported an 
absence of policy, priorities or goals for science 
and technology at the national level. 

Within the university sector, the issue cited 
most often that has to do with dependability in 
funding for research is the need for continuity 
and stability in Government support. Multi- 
year funding is a solution frequently proposed 
to meet this need. University respondents also 
frequently suggested two other means for 
dealing with the problem of continuity and 
stability: long-term planning for research 
funding by the Federal Government, and 
providing support directly to the university for 
subsequent allocation by university officials to 
campus research activities (a so-called in- 
stitutional form of support), Another issue 
frequently cited is the need for funds for 
resemrch equipment, instrumentation and 
maintenance, A significant minority in the 
university sector expressed concern about the 
adequacy of dollar levels of funding— a subject 
outside the preferred areas of attention 
designated in the letter of inquiry. 

For the intiependont research institutes, the 
leading concerns were the need for long-terai 
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conlinuily in funding for research, the absence 
of a coherent national science poHcy especially 
with regard to IRl's. and their current need for 
more money. 

Respondents from Federal intramural 
laboratories and the Federally Funded Research 
and Development Centers (FFRDC's) expressed 
a need for long-range planning and focussed on 
the commitments and priorities implied by a 
workable, coordinated national research policy. 

In the following pages, individual quotations 
document the respondents' concerns about 
dependability of funding for research and the 
' possible role of national planning and policy in 
assuring such depenthibility. 

INDUSTRY 

Ruben F. Mettler, President. TRW, identified 
factors which he felt have had and will continue 
to have a strong adverse impact on fundamental 
research in industrial laboratories, and which 
also havu negative effects on fundamental 
research in university and Government 
laboratories. Some relevant sections of his 
letter are quoted here: 

To place my views on this subject in context, 1 
should say that I regard fundamental research as 
a long-term Investment for a corporation. Hence, 
along with other long-term investment, fun- 
damental research should be relatively well 
insulated from minor orshort-termfluctuationsin 
business results. However, along with otherlong- 
term investment, fundamental research Is not 
Insulated from more basic trends affecting 
business results, and it Is two of these basic 
trends which 1 wish to identify as endangering the 
effectiveness of fundamental research. 

Dr. Mettler first identified ''inflation*' and 
noted: 

The cumulative effectof inflation has, of course, a 
strong bearing on the amount of capital American 
companies need to invest In order to maintain 
investment levels comparable with historical 
levels. Even if current inflation levels now drop 
(perhaps only temporarily) It will take years of 
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significantly higher corporate investment levels 
to compensate for the effects of inflation. 

He also mentioned declining capital resources 
and continued: 

Just when inflationary forces require higher 
levels of corporate investment, the capital 
resources of American corporations are declin- 
ing. The steady decline in corporate profitability, 
and a continuing long-term bias in national policy 
over the past several decades resulting in 
increased personal consumption in preference to 
capital formation, have squeezed the basic 
capital resources— as measured by retained 
earnings— of American corporations to such an 
extent that we now see a declining trend in long- 
term investment in real (non-inflated) terms. This 
decline in long-term investment generally has 
Included declining investment in fundamental 
research, 

James Hillier, Executive Vice President, 
Research and Engineering, RCA, presented in a 
way typical of many industrial responses the 
capital formation problem as it relates to 
research and innovation in the current economic 
climate: 

There is a well-known and well-established 
relationship stating that one dollar spent on 
successful basic and exploratory research re- 
quires ten dollars worth of development to make it 
ready for introduction and utilization in the 
economy and, further, that an additional one 
hundred dollars of investment in plant, training, 
marketing and promotion Is required for its 
introduction and its support to the point of self- 
sustained viability. It Is also known that for 
significant Innovations the entire process usually 
takes about ten years to go from the successful 
basic and exploratory research to self-sustained 
viability. Cash investment is required throughout 
this period and even considerably beyond If the 
rate of growth of the business Is high. Finally, 
recognizing that only a fraction of the basic and 
exploratory research projects in Industry are 
successful In the sense of being suitable for 
proceeding into a business venture. It must be 
appreciated that the total process can be con- 
tinually supported only by companies that are 
larger than some minimum threshold In size 
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(currently around $250 million in sales). Implicit 
in this process Is the assumption that investment 
dollars will be easily and inexpensively available 
throughout the entire period of development. Any 
such project is a long sequence of decisions, 
each of which has economic significance to the 
company for some time In the future. Yet these 
decisions must be made within the constraints of 
the current economic environment and its 
projection into the future. 

The present economic and more importantly the 
present political environment forces most pru- 
dent businessmen to the conclusion that the 
assumption of easily availablecapital is no longer 
valid, particularly insofar as it applies to thelong- 
range future. The result Is a trend, already 
apparent In Industrial research, toward short- 
term projects and a definite de-emphasis In the 
basic and exploratory research. 

Concerning the need for assurance of con- 
tinuity, D. Furlong, Vice President of Bechlel 
Corporation. San Francisco, wrote: 

Some mechanism is needed to ensure reasonable 
levels of continuity in programs of fundamental 
research. Steady application of talent is needed 
over the long term to produce useful results, and 
it is difficult to see how such results can be 
obtained from crash programs or cyclical fund- 
ing. 

Donald W. Collior, Vice President- 
Technology, Borg-Warn(jr Corporation, 
described some; effects of the (M^onomic (Mwiron- 
monl upon research: 

The economic recession, coupled with the 
realization that resources (capital, energy, non- 
replaceable materials, etc.) are Indeed limited, 
has caused a decided and what may be relatively 
long term shift In research policy from an 
outward-looking exploratory one to an inward- 
looking short term one. Top priority is being given 
to Increasing efficiency, conserving resources 
and improving effectiveness of our operations. 
There Is a decided backing away from research 
which is outward looking, expansive, and high 
risk. This has resulted In research being much 
more closely tied to current operations, and in 
some cases the dismemberment and dissipation 
of longer range research facilities and staffs. 



Albert E. Cookson, Senior Vice President and 
General Technical Director, ITT, wrote that 
despite the request of the NSB inquiry letter to 
restrict concerns over "dollar support", he felt 
that an adequate and consistent level of funding 
for R&D remains a matter of paramount impor- 
tance: 

In the Industrial environment, with a reasonable 
return on investment being impacted by inflation 
and interest costs, it is becoming an increasingly 
moredifficult task for management to maintain an 
adequate level of R&D. Considering the urgent 
short run needs for cost reduction anci improve- 
ment of products required to maintain com-* 
petitiveness and enhance the usefulness of 
present product lines, the resources that can be 
allocated to longer range R&D are being squeez- 
ed to the point where it is very difficult for industry 
to maintain a viable level of effort. 

Many industrial respondents also shared the 
judgment of N. B. Hannay, Vice President, 
Research and Patents, Bell Laboratories, who 
feared the demise of basic research efforts in 
contemporary American industry: 

... I would say that the single most critical issue 
with respect to long-term research in industry is 
that it is not being done, for the most part. A few 
companies in a few industries support it, but the 
bulk of industry has eithergiven it up orneverdid 
it. I believe that it is critically important for the 
country to encourage industry in the support of 
long-term research. 

. . , there are a number of factors that have 
contributed to this situation. Regulation, anti- 
trust attitudes, the cost of money. Inflation, the 
lack of faith in many segments of industry thatthe 
benefits of long-term research can be captured 
by Its sponsor, and over-emphasis on short-term 
financial results are among theimportantcauses. 
If the Federal government were to adopt as public 
policy a positive attitude toward the encourage- 
ment of industrial research, I believe we could 
reverse the current trend away from long-term 
research. 

Other industrial respondents supplied [hc.iv 
own ass(!ssm(int,s on (hMerminanls of the 
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present stale of research in industry. Thomas 
Miller, Vice President of Union Carbide Cor- 
poration, saw a conditioned business response 
to industrial profit reductions which is a critical 
problem in that: 

Research and development is a highly visible 
overhead expenditure and is usually high on the 
list for reductions when profits are too low, as 
they are for capital formation purposes. General- 
ly, basic research is cut back the most, 

A possible remedy might take the form of some 
kind of preferential tax treatment for R&D. 

In describing how research organization 
impacts on the conduct of research, L H, 
Stockel, Director, Research and Development, 
St, Regis Paper Company, wrote: 

Beginning in the late 1 960*s, industrial research in 
this country began undergoing a changeof major 
proportions which is virtually complete today. 
Prior to the change, industrial research 
laboratories were set apart from the rest of their 
company's organizations and were less affected 
by changing economic conditions. Industrial 
laboratories of today have become fully in- 
tegrated members of the corporate team which, 
for the most part, is a very healthy condition 
which was long overdue. One important disad- 
vantage is that our budgets and priorities have 
become more affected by the c hangi ng economic 
conditions of the country. For the most part, this 
has had a beneficial effect on the careful selection 
of development and other application projects, 
and on the profitable utilization of industrial 
research. However, it has had an adverse effect 
on longer-range programs and. In turn, on the 
support and attention given to basic research, 
whether it is conducted within the industrial 
research laboratory, on contract, to outside 
laboratories, or in the form of various kinds of 
support and encouragement to schools and other 
institutions. 

Frequently among industrial responses, a 
discussion on patterns for research support 
raised questions about planning and policy. 
Concern over policy goals and priorities at the 
national level is typified in the short comments 
below: 



One issue certainly is the lack of clearly defined 
national policies in important areas. 

N, V. HAKALA, President 
Exxon Research and Engineering Company 

And, more explicitly, Daniel E, Noble, Chair- 
man, Science Advisory Board, Motorola, Inc., 
wrote: 

We cannot determine where to place the 
emphasis on research and development unless 
we decide where we wish to go and how we 
expect to get there. The greatest need in our 
society today is for the establishment of goals and 
priorities, but the goals and priorities must be 
determined by a realistic understanding of all of 
the forces of our environment which will in- 
fluence the feasibility and practicability of the 
selection. It all relates to the hard-headed 
decision: since we can't do everything, we should 
damn well be sharp about the importance of the 
projects we select for activation. We cannot 
possibly be sharp about the selection of the 
projects unless we have an overview of where we 
want to go and how we expect to get there. So this 
all comes back to the basic need for an overall 
systems dynamics model which can guide us in 
our selection of the most important areas for , 
research and development emphasis, 

John O, Logan, President and Chairman of the 
Board, Universal Oil Products Company, Des 
Plaines, III., observed: 

The one area which bothers us most relates to the 
government-industry interface. On the one hand, 
legislated scientific and technical goals executed 
under governmental control tend to prescribe 
results, thereby defeating some of the fundamen- 
tal objectivity required in basic research. On the 
other side of the same coin, the lack of action on 
the part of the government to commit long-range 
funds, or to avoid any statement of objectives, 
leaves basic research wallowing in a sea of 
uncertainty. 

Along these same lines, David H, Bradford, 
Jr., President, and now member of the Board of 
Directors of Allied Chemical, noted: 

Hopefully we will suceed in developing a closer 
integration of the goals of industry and national 
social and economic goals through a more cleady 
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defined set of national policies. If so, astimulusto 
more fundamental research in industry can be 
achieved. 

Respondents felt that important functions of 
a national R&D policy would be the identifica- 
tion of goals and the selection of the best means 
for achieving those goals; initial steps would 
involve recognizing what various parts of the 
research system do best and then arranging for 
these parts to work together. 

Thus, Robert M, Adams, Viuu ^^resident. 
Research and Development, Minnesota Mining 
and Manufacturing Company, believed a 
national policymaking effort cojuld help define 
the best mechanisms for university, govern- 
ment, and industry interaction: 

The United States still seems to be groping for the 
proper role of these three "institutions" in the 
nation's research and development activity. 
University research grew dramatically in theSO's 
and 60's with the support of Federal funds, This 
support has been diminished in the 70's, and in 
many cases universities have turned to industry 
to replace at least some of the lost Government 
support, The equilibrium between these three 
forces has been disturbed and has not yet really 
settled out. Even within the universities there is 
muchdisagreementon priorities, allocations, and 
directions. Until the roles of government, in- 
dustry, and universities are more clearly defined, 
it is probable that fundamental research will 
stumble. 

In a similar vein, W, Dale Compton, Vice 
President, Scientific Research, Ford Motor 
Company, noted a need to develop, on a national 
scale, mechanisms that will enhance the in- 
teractions between industrial research teams 
and university research groups: 

Basically, there exist now only ad hoc 
mechanisms that are, at best, tenuous. Both 
groups would benefit from a closer working 
relationship, I think this would also help stabilize 
the long-term research efforts of the various 
groups, both in the universities and in the 
Industrial laboratories. 



UNIVERSITY 

Although the perspective of industry and of 
the universities may differ somewhat, the 
problems they perceive are similar as can be 
seen from the letter of Sidney G. Roth, Vice 
Chancellor for Federal Relations at New York 
University. As quoted here, he sets out the key 
elements of Dependability in Funding for 
Research as they are seen from the university: 

Academic institutions are asked to undertake as 
well as suggest research programs which are 
basic to issues of national need. Clearly, Federal 
priorities are important and dollar resources must 
be authorized and appropriated to Implement 
national policies with respect to such major 
problems. But, as we look back over the past two 
decades, we can document those efforts that 
peaked all too quickly in almost each of the major 
areas. The 0MB, Congress, or other Federal 
entity seems to get tired of a given program and. 
either pushes on to a new priority because of 
political considerations or modifies its previous 
effort by eliminating it or changing the rules 
drastically. 

On the other hand, academia is urged to mobilize 
its resources to assist in these neadeti 
developments, If an institution thinks it can rrrake 
a contribution, it will do so hoping thereby to 
meet a societal obligation and at tho same time 
participate in the development of new programs 
of promise. And, academic institutions generally 
invest a considerable sum of their own funds 
when undertaking major ventures of interest to 
the Federal establishment. When Federal support 
changes abruptly or with very short notice, such 
institutions can be left in an embarrassing posi- 
tion. 

Further, the time scale for academia generally is 
longer than a year or two or even three: people 
have to be hired: students acquired; facilities 
altered or constructed. If an Institution beefs up a 
given department, faculty, or program by adding 
highly qualified staff, immediately It must think of 
the future. Will the institution be able to afford the 
number of people on its roster after the initial 
funding is over? Will it be in a position to fulfill its 
promise to students In process by continuing 
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stipends and course offerings? Will the facilities 
so acquired be useful or become a burden in a few 
years? etc., etc. 

Faculty appointments represent an investment 
for long periods, probably 10 to 20 years or more. 
Students, graduate and professional, have 
careers ahead which demand three, four or more 
years of preparation. These are the time scales of 
academia. Federal agencies, on the other hand, 
drop programs quickly when immediate man- 
power needs shift or new ventures appear that 
seem to be politically more saleable. 

How, then, do we meet our common goals via our 
separate sets of rules? Important programs are 
now on stream, RANN among others. How do we 
avoid the pitfalls that befell these other attempts? 

In summary, one may provide a litany of issues 
which dJ^velop from the different planning 
assuitnatisns in our two sectors; different percep- 
tions cTf^witat may be required to meet common 
gOBXr, diffnerent time scales inherent In each 
^i>tr.tor's life style. These are knotty issues but they 
riive to be solved before a serious problem 
n^i&srializes on the higher education front. Some 
ffF^ank institutions will probably collapse. Is 
thnr the price the nation must pay before the 
system is corrected? 

Theso comments and Ihosn that follow 
illustrate the reasons why questions related to 
continuity, stability, and length of funding 
ranked second among each of the three gro ups of 
respondents from the univ(»rsilies: presidents, 
vice-presidents, and chairmen. 

Herbert W. Schooling, Chancellor, University 
of Missouri-Columbia, wrote about continuity 
nnd stability problems in the past and how they 
might be r(jmedied: 

... I believe we have learned that funding 
procedures which have been erratic and sporadic 
have not given the universities the opportunity to 
create and maintain always the kind of climate in 
which higher education, as a community of 
scholars seeking truth, could best serve as 
partners with the government in advancing 
knowledge. Brief periods of funding have tended 
to make Institutions vie intensely for grants on a 
thin and broaa basis which did not allow for the 
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development of a concentrated team of 
researchers, appropriate machinery, and 
graduate students who are necessary for on- 
going work of high quality, excepting the medical 
sciences. Designations of certain communitiesof 
scholars interested in and capable of significant 
research in certain areas which are of critical 
interest to the nation's needs would provide a way 
to establish and maintain relationships which 
may continue for periods of time of a decade or so 
without interruption under normal cir- 
cumstances. 

Also from within the university community, 
jerome B. Wiesner, President of M.I.T.. ex- 
pressed the problem of continuity and stability 
as follows: 

The fluctuations in T^ederal funding of basic 
research which we :have seen recently are 
extremely damaging. Tne upswing to 1968 and 
the precipitate decreassrsince then have led to 
serious imbalances beiween fields; to an ap- 
parent lack of opportumity in some fields which 
drives good young peccrie away, only to present 
us with "shortages" in tne future; to the destruc- 
tion of many research teams carefully assembled 
over many years of effort; to the underutillzation 
of important facilities and in some cases to their 
premature demise. A long-range science policy 
which gives some assurance of continuity is 
badly needed. 

In the view of ]ohn R. Silber, President of 
Boston University: 

Research programs which provide only short- 
term support, or faddish changes in the kinds of 
programs which are being encouraged, will be 
extremely detrimental to scientific research, to 
institutions, and to individuals. Slightly fewer 
grants of longer duration for truly significant 
projects would provide a stability in research 
which counters the instability of the enrollment 
declines and inflationary forces. 

The importance of dependability in funding 
for research as seen at the department chairman 
hivel is expressed by T. T. Sandel of the 
Department of Psychology, Washington Un- 
iversity, SI. houis: 

For the last three years, we have proceeded from 
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alarum to alarum, being told that this or that area 
of research would be phased out, beefed up, or 
what have you. An incredible amount of time has 
been spent by all our principal investigators 
either rebudgeting, writing new proposals, 
changing lines of thrust of research, etc. In 
general, the effort has had some aspects of a 
dumb show because the actual cutbacks have 
seldom taken, in detailed form, the directions 
which were originally predicted. In a word, our 
ability to plan on any reasonable temporal basis 
is, to all effects, nonexistent. Clearly, a major 
contribution to the health e. . xientific efforts 
would be to develop a mechanism whereby the 
capriclousness of Congressional funding (with 
Its-one-year structure) and:the political aims of a 
given administration would be minimized. 

The outlines of the solution to this problem are 
blurred, at best. I can't hetprfeeling, however, that 
the solution lies in some kind of institutional 
funding scheme ... 

Canlinuily and slabilil; of funding was the 
second most frequently mentioned issue among 
each of the three levels of university 
respondents. Among engineering chairmen it 
was, in fact, the first. One remedy often 
suggested for this problem is an increase in 
national research planning. Although this 
solution was not frequently mentioned among 
departmental chairmen, it ranked third among 
all presidents and vice presidents combined. It 
was especially high in Carnegie Research 
Universities I, but quite low in Research 
Universities II. 

F. N. Andrews, Vice President for Research 
and Doan of the Graduate School at Purdue 
University, stated the need for policy and 
planning as he sees it: 

We.believe that the Federal Government should 
develop a clear and specific long-range plan for 
the support of basic research and for the 
appropriate applications of research through the 
development process. It is essential that a new 
and effective mechanism for science planning, 
with direct access to the President, be establish- 
ed. The nation suffers because there is no 
publicly announced, long-range policy— a plan 
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thatwould include specific proposals for the next 
decade and which would be sufficiently broad in 
its scope to plan forthe remainderof thiscentury. 

In this connection a scientific advisory 
apparatus in the White House was frequently 
mentioned. For example, Charles G. 
Overberger, Vice President for Research at the 
University of Michigan, fiave the opinion that 
"an office and an agenc\ are needed which can, 
ensure that our national resources for research 
are adequate and that these are most properly 
placed." 

Another frequently mentioned solution for 
instability in the funding of individ:iaal grants or 
contracts at the university was direct support to 
the institution itself. This sugg^tion ranked 
fifth among all university vice presidents for 
research and sixth among all university 
presidents, but was rarely mentioned by 
department chairmen. Further, although the 
Research University II presidents and vice 
presidents combined ranked the issue of in- 
stitutional support first, the presidentsand vice 
presidents combined at Research Universities I 
did not place this issue in their top eight. This is 
one of the differences between responses from 
Research Universities I and II. 

The need for institutional funding is argued 
by John L. Margrave, Dean of Advanced Studies 
and Research at Rice University: 

Thew^ ,s continuing need for institutional grants 
of thb type which have historically been made by 
both the NSF and the NIH, In which an institute 
receives a percentage of the total grant amount 
directly in the form of a lump-sum payment to the 
office of the president or chief administrative 
officer. This uncommitted money provides the 
administrative leaderof a university an extremely 
useful capacity to commit seed money for the 
development of new ideas at early stages of a 
research program, to supply supplementary 
funding to stabilize a faculty member's research 
program, and to handle other contingencies for 
faculty or research students. In particular, the 
"new ideas" which often are speculative and may 
not always stand the strict review of a large panel 
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can be given a quick review at the faculty member 
level and then, after that evaluation, used as the 
basis for seeking larger amounts of support from 
external sources. Support of a new Imaginative 
young faculty member at this stage cf his career 
can be extremely important and, of course, very 
productive in the practical sense. 
A. R. Chamberlain, President of Colorado 
State University, considered institutional sup- 
port the answer to what he sees as the 
fragmentation of university funding and of 
university efforts. 

The universities need financial support on an 
institutional basis, supplementing the project 
approach now so dominant, that permits a 
university administration to have a leadership 
role in resource allocation for program priorities 
that are institutionally determined by the joint 
involvement of campus administration and facul- 
ty. To do less will leave research and graduate 
education to be pressed by project grants into a 
further hodge-podge of isolated projects with no 
coherent institutional programmatic theme, Such 
a consequence leads to inefficient use of 
funds ... 

Randal M. Robertson, Dean, Research Divi- 
sion, Virginia Polytechnic Institute, shared 
these sentiments and applied them to Research 
Universities II: 
The need for continuity could be met by providing 
more support through a formula system such as 
the Hatch Act provides for agricultural research. 
Such support should give funds to an institution 
for a continuously renegotiated set of projects. 
The competitive proposal system, with its all or 
nothing feature, destroys continuity at the 
departmental level at institutions where the 
resulting statistical fluctuations are significant in 
comparison to the research activity level. This is 
especially true at the "second fifty" institutions. 
Some combinationof continuing formulasupport 
and competitive grants and contracts would seem 
the best combination for the basic research 
enterprise. Formula funds should be provided 
directly from a Federal agency to a responsible 
institution, not through a state agency or through 
revenue sharing. 



INDEPENDENT 
RESEARCH INSTITUTES 

Among the presidents and the directors of 
independent research institutes, the need for 
long-term continuity in funding ranked first. 
The need for a coherent national science policy 
for IRI's was second, and the need for additional 
research funding ranked fourth. These three 
issues are the major components of depend- 
ability in funding for research as seen at 
independent research institutes. 

Bowen C. Dees, President, The Franklin 
Institute, provides a background for ap- 
preciating the issues involving dependability in 
funding for research at the independent 
research institutes. After pointing out that the 
IRI's are quite varied as to age, size, field of 
interest, type of facilities, and equipment used. 
Dr. Dees notes: 
Unlike the other principal organizational units 
concerned with R&D (the universities, industrial 
research units and government laboratories) the 
typical independent research institutehas little or 
no endowment or the equivalent: that is, it rarely 
has a "parent company" to look to for base 
support, or to take over full support of at least 
some of its senior research personnel (as is 
possible in most universities) when grams or 
contracts expire. Virtually all of the major IRIs rely 
almost totally on the grants or contracts they 
receive to maintain their fiscal integrity; as a 
consequence, one finds that: 

1. Substantial fluctuations in support can be 
disastrous to major programs. 

2. Untoward amounts of time, energy and 
effort (and hence precious dollars) must be 
expended in the attempt to bring in new 
grant or contract support. 

3. In those cases where contracts may ap- 
propriately carry a "fee", the fee proceeds 
become extremely important as a way of 
maintaining a'quality program (a fact which 
is not only not appreciated but is in effect 
denied by many agencies and contracting 
officers who insist on keeping fee percen- 
tages far below realistic levels) , . . 
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Narrowing in on the long-term continuity of 
funding, George K. Hirst, President and Direc- 
tor, The Public Health Research Institute of the 
City of New York, Inc., wrote: 

. . The second problem, assuming that our 
municipal support continues, t would say Is 
clearly the large fluctuations In Federal support of 
research, and I think especially basic research. It 
has become impossible to predict from year to 
year what the level of Federal support might be. 
Not only does the rating at which funding is cut 
off vary, but on top of a restrictive rate we are 
faced with severe cuts in proposed budgets. The 
. fellowship program has been turned on and off. 
General Research Support has been threatened 
with extinction every year. The one to two 
hundred thousand per year which we get under 
this program cannot be wisely spent for any long- 
range project because we don't know if it will 
continue. . 

I think that research people are very adaptable 
and will make adjustments to a wide range of 
support levels but if the fluctuations could be cut 
out it would be a very productive thing. Is there 
any way that Congress could be persuaded to 
assure some level of Federal support for say 5 
years ahead on some sort of evorgreen basis? 

This topic is covered in a slightly different 
way by Norman M. Bradburn, President, 
National Opinion Research Center, University 
of Chicago: 

Our primary problem now is the same as it has 
been over the past decade and promises to be 
over the next decade— namely continuity of 
funding. For research institutes such as ours that 
lack endowments or other long-term support, it is 
extremely difficult to recruit and hold the high 
quality scientific and technical manpower 
necessary to do sustained basic research. This is 
a general and well-known problem that has been 
commented upon by every major report and 
committee that has looked into the problems of 
funding basic research. Nonetheless the research 
funding agencies have consistently failed to heed 
the warnings and, if anything, have moved In the 
opposite direction. Some years ago we were able 
to get five-year project grants from NSF; now we 



cannot get more than a two-year grant. There has 
been talk aboutgeneral supportgrants, and in the 
past something very near to it has been possible 
in Isolated cases. Now the move is toward more 
narrowly defined research projects with shorter 
time horizons and with pressure toward applied 
pay-off. The fact that the problem has been with 
us for a lonq time and that things have gotten 
worse rather than betterdoes not detract from the 
fundamental truth of the proposition that short- 
term, project oriented funding is detrimental to 
the development of research excellence in an 
independent institute (or anywhere else for that 
matter). 

Regarding national science policy, Charles R. 
Wayne, Executive Vice President and General 
Manager, SURC (SyracuseUniversity Research 
Corporation), stated that it is no longer possible 
for this Nation to fund adequately every 
problem area which it feels is in need of 
solution: 

We should set national priorities and define 
critical research needs: energy, conservation, 
poverty, old age, sickness, military superiority, 
etc. ... I am very pessimistic that we will. The 
allocation of funds will continue to be a function 
of factors which are themselves not necessarily 
part of a logical long-range plan directed at our 
overall best interests. Because of this, large sums 
of money will be spent, although often not 
enough to produce thedjssired results, in areas 
which are fashions or fads led by charismatic 
leaders. So while Rome burns, we, scientists, will 
continue to fiddle. 

FEDERAL INTRAMURAL 
LABORATORIES AND FFRDC's 

The ideas of dependability, predictability, 
and stability in the funding of research emerged 
over and over in the , responses from the 
intramural Federal laboratories and the 
Federally Funded Research and Development 
Centers (FFRDC's). These items were often 
joined to the first-ranked issue among this 
group of respondents — the need for a coor- 
dinated research policy at the national level. 
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Regarding this first-ranked issue, Betsy 
-r^ncker-Johnson, Assistant Secretary for 
Science and Technology, Department of Com- 
^'n:erce, concluded: 

The most fundamental problem, as I see it, is the 
lack of a national science policy. To quote Dr. 
Hornig when he was Director of the Office of 
Science and Technology and Chairman of the 
U.S. Delegation to OECD on science policy, 
"There is no such thing in the United States as a 
Science Policy which can be isolated from other 
policies of the Government." (OECD Reviews of 
National Science Policy: United States, Paris, 
1968, p. 451). This policy deficiency has resulted 
in a fragmented approach to science and 
technology which has led to a less effective use of • 
science resources than might prevail with a 
comprehensive and coherent national .science 
policy. A policy is "a standing answer to recurring 
problems"— we need better answers. 

In several letters, respondents pointed out 
that research— especially basic research— is not 
something in which progress is measured in 
days, weeks, or even months. On the other hand, 
they noted, political issues used to generate 
support for research are often of much shorter 
duration than research projects. To work 
productively, the scientist needs the ability to 
begin a lengthy experiment or series of ex- 
periments with a reasonable assurance that he 
will nnt be forced to reorient it in midstream or 
terminate it prematurely because of funding 
ra ts. As John W. Firor of the National Center for 
Mmospheric Research vyrote: 

The timing mismatch can lead a scientist to 
undertake a project and then discover his support 
dwindling or cut off before he is half-way through. 

Respondents argued that a scientist also 
needs the freedom and flexibility to be able to 
follow up unexpected findings which may crop 
up in the course of his work. In the absence of 
relatively secure funding, he may find himself 
forced to choose the safer path of working 
primarily on short-term experiments— which 
may bo of less scientific interest and value— in 



order to avoid the catastrophic eventuality of 
working several years on a project and then 
having nothing to show for it because he was 
unable to complete it. Thus, instabilities in 
research support may limi the productivity of 
research beyond the constraints placed upon it 
by the absolute level of funding. 

In a comment typical of those from the 
intramural Federal laboratories, W. R. Lucas, 
Director of NASA's Marshall Space Flight 
Center, put it this way: 

The practice of funding programs on an annual 
basis creates an Instability that operates strongly 
to the detriment of a healthy, sustained basic 
research program. It must surely be recognized 
that such research must fare poorly in an 
environment characterized ty uncertain sup- 
port. . . . 

In supporting such research, short period or 
annual funding simply does not provide the 
degree of flexibility or freedom required to permit 
an adequate development of the potential in- 
herent in a given field of inquiry. Funding 
currently applied through the close management 
process visualizes a straight, clear-cut path 
leading to a precise destination. Clearly the 
concept is at odds with reality. For full develop- 
ment, a researcher should be afforded the 
freedom of movement that is required In any 
process that explores the unknown. The restric- 
tive practice of holding resource allocations 
within tight limits frustrates this freedom and, I 
venture to say, may well be responsible for 
cutting short promising activity that could 
otherwise have led to important results. A multi- 
year funding policy, in moderation, of course, 
would serve to release the scientist from the 
strictures currently prevalent in close-In funding 
practice with its attendant uncertainties. 

In comparison with the individual research 
investigator, it was observed, the problem of 
dependability in funding for research is com- 
pounded for institutions, especially those big 
science institutions which maintain large-scale 
expensive facilities. Respondents pointed out in 
their letters that many such big science in- 
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sliliilions have been established in this country 
on the FFRDC model, and that for these 
institutions to operate in arational and effective 
manner, they require some assurance of pre- 
dictable funding over a period of years so that 
they may amortize the vast investments they 
must make in facilities and equipment 
Respondents also noted that there is no 
"market" on which big science institutions can 
base their future resource calculations; support 
is a matter of government budgetary decision. 
The comments of Edwin L. Goldwasser, Deputy 
Director of the Fermi National Accelerator 
Laboratory, which houses the world's most 
powerful nuclear particle accelerator, reflect 
this concern: 

In order to plan effectively the activities of a basic 
research laboratory, it is desirable to have a 
substantial degree of stability in the support of 
the laboratory or, if not in the support itself, at 
least in the knowledge of what the support will be. 
Thus, If construction of a major research facility is 
undertaken, that commitment should be made 
only hand in hand with a concomitant commit- 
ment to support the use of that facitity at some 
pre-established level for a reasonable number of 
years after construction is complete. 

Wolfgang K. H, Panofsky, Director of the 
Stanford Linear Accelerator Center (SLAC), 
another FFRDC, described the situation he faces 
in even more specific terms: 

There are innumerable decisions which have to 
be made In themanagementof SLAC which imply 
commitments over many years. The simple 
approval of an experiment to be run in one of 
SLAC's beams initiates a chain of events from 
experimental design to final publication, which 
might take three to four years. Design and 
construction of a major experimental piece of 
equipment to be used at SLAC might span a 
three-year period. 

The total time over which effectiveexploitation of 
a key high energy physics facility comes to 
diminishing returns might be a decade or more, 
so that before then, either a major improvement 
program or a replacement program should be 
initiated. . . . 



The present funding cycle of the Federal Govern- 
ment is difficult to reconcile with the above time- 
scale, unless it is accompanied with some type of 
"best-efforts" commitment, at least within the 
Executive Branch, that certain longer-range 
plans or guidelines are to be followed. 

Government sector letters bring home the 
point that, at one time. Federal laboratories 
were regarded as stable institutions. These 
laboratories could depend upon a base level of 
funding from year to year, and were, at least in 
this respect, ideal for long-term efforts. What is 
of deep concern to the respondents is the 
unstable atmosphere allegedly created during 
the past several years by impoundments of 
funds, delays in the passage of appropriations, 
numerous" reorganizations, and a variety of 
short-term policy shifts. 

Respondents in this sector felt that in some 
Vt^ays Federal laboratories still provide a more 
sheltered environment for research than do 
extramural performers. Nevertheless, a con- 
scious policy of limiting the size of the Federal 
payroll (as well as that of the FFRDCs), the 
Defense Department's decision to shift more of 
its basic research from in-house laboratories to 
extramural performers, and the overall 
pressures toward relevance and short-term- 
payoffs in research policy have tended, in the 
opinion of the respondents, to place the basic 
research components of Federal laboratories 
and FFRDCs in a precarious position. 

SUMMARY 

By means of quotations, this chapter has 
illustrated respondents' concerns related to 
dependability in the funding for research in 
each of the major sectors of the U,S, research 
system. Respondents maintained that research, 
and especially basic research, whether con- 
ducted as an individual project or through the 
deployment of expensive resources in a large' 
facility, requires dependability, stability, and 
continuity in funding in order to achieve 
maximum productivity, 
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Improved planning and policymaking for 
science and technology at the notional IovoIb 
especially for basic research is d stJlUliUii 
frequently mentioned. Effective planning and 
policymaking would establish national 
priorities, facilitate coordination of research 
among various research sectors, and counteract 
the effects on R&D resulting from inflation. 



declining capital resources, and the Federal 
budget cycle. 

More specific solutions proposed by 
respondents include multiyear commitment of 
funds for research programs, some form of 
institutional support, and tax incentives in 
order to stimulate industrial research. 
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Vitality of the research system embodies a set 
oT issues concerned with scientific and 
technic:al personnel and the institutional 
arrangements within which they carry on their 
work. While viialily related issues, as has been 
shown in Table 2-7, are spread throughout the 
research system, they were mentioned most 
often by respondents from universities. Federal 
intramural laboratories and independent 
i^esearch institutes,' 

In the university sector, concern over an 
adequate supply of research manpower per- 
vaded all levels of respondents. However, 
problems related to young faculty, tenure, 
dollar support for graduate studies, shrinking 
inflow of students, lowered levels of student 
quality and the growing competition between 
leaching and research were emphasized mostly 
by department chairmen. 

Issues related to vitality ranked among the 
top three most frequently mentioned by direc- 
tors of Federal intramural laboratories and by 
headquarters officials in Government 
departments or agencies. Limitations of Civil 
Service regulations on employment of scientists 
and engineers, the absence of positions for 
young scientists, and the provision of con- 
tinuing education for older scientists and 
engineers are leading issues. 

Independent research institutes discussed 
vitality in terms of the? need for mul- 
tidisciplinary research and the manpower 
requirements for such efforts. 



In the industrial sector, major concern 
cente;ecl on the quality of new people. There 
was a feeling in industry that the best young 
people are not entering science and engineering 
fields; or, if they do enter, they are oriented 
toward university careers. 

This chapter presents the views of 
respondents in the scientific community on the 
main concerns outlined above. For convenience, 
these concerns have been divided into four 
sections; 

1, research manpower for the future, 

2, opportunities for young scientists and 
engineers Ihroughoul the research system, 

3, scientific and technical personnel manage- 
ment, and 

4, national policy questions regarding scien- 
tific and technical manpower. 

Also included in this chapter are some 
suggestions from respondents for dealing with 
the problems they discussed, 

RESEARCH MANPOWER 
FOR THE FUTURE 

Throughout the sectors of the U.S. research 
system — industry, independent research in- 
stitutes. Federal laboratories, and uni- 
versities — there is a convergencci of concerns 
over adequat(j numbers and quality in research 
manpower for the future. 

In the words of [ames M. Early, Division Vice 
President, Fairchild Research and Development 
Division, Fairchild Camera and Instrument 
Corporation: 
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Ten years from now in the absence of significant 
social changes, the supply of highly trained 
technical personnel will, from birth rate con- 
siderations alone, start to fall sharply. This effect 
will presumably add to the decreases in enroll- 
ment in the hard sciences and engineering which 
have occurred during the past decade. There may 
also be some reduction in the average natural and 
developed talent of those entering these areas. In 
fundamental areas such as language mastery, 
significant deterioration from past standards is 
currently evident. In California, average achieve- 
ment test scores in mathematics as well as other 
subjects have dropped. When these limitations on 
the supply of personnel are compounded by 
decreases in the size of the age groups, there will 
be a real shortage of qualified personnel and an 
aging work force. 

There may also be serious problems of motivation 
in that general social trends and the academic 
atmosphere at many universities motivate 
students away from industrial research and 
development. Coupling between universities and 
industry is in many cases poor, although less so in 
the engineering area than in the pure science 
areas. Historically, scientific productivity has 
been largest for younger workers and a con- 
tinuing ample supply of highly trained, properly 
motivated newcomers is our best assurance of 
continuing high productivity. 

Clayton S. White from the Oklahoma MediCcil 
Research Foundation, an independent research 
institute in Oklahoma City, was more specific 
about what attracts the best students today. 

It is a truism not disputed by many, that the best 
talent among the country's youth is not moving 
into scientific research today compared with the 
case 15 to 20 years ago. Medicine and engineer- 
ing, along with other professions, are attracting 
much higher caliber people than the graduate 
schools whose end product is the Ph.D. who will 
be manning tomorrow's research benches arid 
populating the academic faculties of our many 
universities. Not only do I believe the best in talent 
is not being trained as professional investigators, 
but I doubt that those in training are. during their 
formative years, being given opportunities to 
develop the broad and diverse perspectives that 



can maximize research progress as the individual 
matures. 

As seen by Hans Mark, Director, Ames 
Research Center, NASA, attracting the best 
minds to science is a problem which goes 
beyond the bounds of the Federal laboratories. 
He noted that fellowship money alone will not 
redirect the best talent. 

In my view there is only one issue that transcends 
all others which must be resolved If we are to have 
the kind of basic scientific research we need to 
produce the intellectual capital which is 
necessary for the development of our technology. 
This issue has to do with convincing the ablest of 
our young people to pursue careers in basic 
research in the physical and biological sciences. I 
have noticed in the past eight or ten years a 
distinct drift of our very best people away from the 
basic fields. This is not to say that there are not 
many students today who are working in basic 
science. What I am saying is thatthequality isnot 
as good as it once was. 

Obviously, basic research should also be 
stimulated with money and some of the 
fellowships that have been cut back in recent 
years should be restored. However, I honestly 
believe that money is not the major issue. The 
most important problem is once again to con- 
vince our best young people to pursue careers in 
basic scientific research. 

Typical of university responses concerned 
abcjut research manpower for the future are the 
following excerpts. The first is from Albert H. 
B()vvker,Chancellorat the University of Califor- 
nia, Berkeley, who wrote: 

Most certainly the nation will require a supply of 
scientists and engineers that is not only adequate 
in numbers but of the highest quality. In the past, 
universities have served as the primary source of 
such personnel going into the research sector by 
providing long-term support necessary for 
students to complete their education. However, 
there are some indications that the academic 
base and climate necessary to encourage out- 
standing students In the direction of science and 
engineering is in jeopardy. If the flow of talented 
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students through the educational system and Into 
the research sector Is not to be interrupted or 
diminished, means and methods must be found to 
reinforce the values and institutions that support 
students In their long-term quest for knowledge. 
Universities provide the medium through which 
this can be accomplished but they must be fed by 
a sound system ofsecondary education and must 
have an outlet which provides strong, positive 
incentives for the competitive pursuit of ex- 
cellence. My concern at the moment is that we 
may be entering a period in which uncertainty 
and confusion in the utilization (and underutiliza- 
tion) of present scientific manpower may have an 
adverse feed-back effect through the entire 
system that will be difficult to repair. 

Another university respondent, H. S, 
Gulowsky, Director, School of Chemical 
Sciences, University of Illinois at Urbann- 
Champaign, relntetl a recliiclion in graclunle 
school enrollments to lower research output. 

. . . Movement of the "population bulge" through 
the universities combined with a leveling off or 
reduction in the rate of going to graduate school 
Is already beginning to cut back visibly in the 
amount of basic research being done. The effects 
are modest so far, but could become large within 
a decade. The amount of basic research being 
accomplished will be reduced in proportion to 
falling graduate enrollments unless other com- 
ponents of the enterprise are increar"}d con- 
currently. 

The basic question regarding manpower 
supply was iVaniod by a Vice President for 
Research and Development in a largo manufac- 
turing company: 



Recognizing that the supply of research 
manpower for the future depends almost 
exclusively on the graduate students in science 
and engineering, many r^^spondents tried [o 



answer this question in terms of graduate 
student support. 

Typical of department chairmen, who ranked 
support for graduate studies fifth among their 
top eight concerns, is Rodney I. Clifton, Chair- 
man, Executive Committee, Division of 
Engineering at Brown University in Providence, 
R.l. He discussed the problem of graduate 
student support and offered several specific 
solutions. 

Steps should be taken to ensure the attrac- 
tiveness of research careers for the most promis- 
ing students in each graduating class instead of 
allowing the "boom or bust" pattern of the past to 
continue. One step that would be particularly 
helpful would be to institute a highly selective 
fellowship program in which the faculty of each 
engineering school would be allowed to 
nominate up to say 5 percent of their graduating 
class for such fellowships. The pool of nominees 
would be reviewed by a national panel in each 
discipline who would select what appears to be 
the optimal number, say 2 percent. (Footnote: i.e., 
2 percent of the total graduating class, not of the 
pool of nominees.) The fellowships should 
provide full support for up to four years of 
graduate education at the institution of their 
choice (preferably excluding the Institution 
where they earn their undergraduate degrees 
unless a strong case can be made that this 
institution is uniquely suited to the student's 
research interests). Supplementary grants 
should be awarded to the Institutions at which the 
fellowships are used in order to defray the 
additional costs of graduate education that are 
not covered by tuition. 

Another way graduate study could be made more 
attractive to U,S. students and more responsive to 
national needs would be to develop a program of 
combined governmental and industrial support of 
work-study fellowships. Such fellowships would 
support graduate students who would combine 
their graduate studies with work at ^^^e spon- 
soring industrial organization. Thesis research 
projects would be fundamental studies in fields 
that the Industry is interested in. The fellow would 
not be under obligation to work for the industry 
upon graduation; however, if the relationship 
between the fellow and industry develops as 



One issue of concern to all research is the 
decreasing number of people entering the 
sciences. How will we assure that young students 
are attracted to technical fields so that we will 
have an adequate reservoir of competency to 
carry on not only basic, but all types of research 
and development? 
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anticipated, then employment of the fellow by the 
sponsoring industry would occur frequently. 

Relevant to the above suggestion for work- 
study fellowships are views from industry on 
university grculuate curricula. Leonard Swern, 
Director of Technical Programs, Sperry Rand 
Corporation wrote: 

I spend a good amount of time dealing with 
universities and with the training of scientists and 
engineers. 1 have been convinced for some time 
that at many of the major universities, those 
operating at the highest levels of scientific 
corri'petence. the main emphasis in the graduate 
scientific curricula is on the training of people 
who will. In turn, train other people. That is, the 
requirements for masters degrees and Ph.D.'s in 
the sciences emphasize university careers rather 
than industrial careers. Yet it is extremely 
important for industrial laboratories to have some 
of thebest trained scientists working on problems 
of paramount interest to industry. As you well 
know, the technology of products such as 
computers and control devices, has advanced 
enormously. Industry needs practical, very well 
trained scientists to contribute to Its new 
products In the industrial research and develop- 
ment laboratories. If graduate training conditions 
the best scientists and engineers to disdain an 
industrial career, then I believe the universities 
are not making an adequate contribution to the 
productivity of technically based industry. 

There is clearly a role for the National Science 
Foundation in this Issue because the NSF has 
been an extremely vital force in shaping the 
programs at our universities. 

Another suggestion for graduate student 
support also favors a specific form and came 
from Daniel D. Perlmutter, Chairman, Depart- 
ment ofChemical and Biochemical Engineering. 
University oi' Pennsylvania, Philadelphia. Hu 
suggested that gratUiate stuthMil support he 
independent t)r research grants to individual 
faculty niendMM's. 

It would be a great help if graduate student 
support were not made a burden on the faculty. 
Students ought to be supported because of a 
commitment to science and engineering educa- 



tion, not dependent on the fund-raising skill of a 
particular advisor. The research proposal would 
still ask for equipment, supplies, etc., as needed, 
but the dependent student would not be in such a 
precarious position. 

At least as important, the student with support 
could choose a topic on the merits of its scientific 
and policy aspects, rather than looking to its 
financial solvency. It would even be possible to do 
research on topics that are not formally proposed 
to a granting agency, freeing the researcher to 
move more into novel or untested areas. 

Clearly, the future supply of research man- 
pcwer was a major concern of respondents in all 
sectors. Often this led them to consider the 
numbers and the quality of graduate students as 
well as problems of support for graduate 
education. However, vitaUty is not simply a 
matter of graduate education and the 
respondents also had many ideas relating to 
scientists and engineers at career stages beyond 
graduate school. 

OPPORTUNITIES FOR 

YOUNG SCIENTISTS AND ENGINEERS 

THROUGHOUT 

THE RESEARCH SYSTEM 

Young Ph.D.'s and problems associated with 
their introduction into the research system were 
sources of concern to university department 
chairmen and to respondents associated with 
Federal intramural laboratories. Among univer- 
sity department chairmen, openings for young 
faculty and associated tenure problems ranked 
third among the top issues. Significantly, 
among headquarters-level Government of- 
ficials, providing more positions for new 
scientists was part of their first-ranked con- 
cern. 

Infusion of "new blood" into university 
science and engineering Faculties as well as a 
balanced age distribution among the faculty are 
seen as increasingly difficult to realize. This 
problem was always mentioned among the top 
issues by department chairmen regardless of 
discipline or Carnegie Research University 
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category. University presidents and vice 
presidents for research, however, did not give 
the same priority to this problem. 

Typical statements made by respondents on 
the opportunities for young Ph.D/s in the 
research system appear below. The university 
statements are first, followed by responses 
from Federal laboratories. Federally Funded 
Research and Development Centers (FFRDC's) 
and independent research institutes. 

M. O. Thurston, Chairman, Department of 
Electrical Engineering, The Ohio State Univer- 
sity, Columbus, focused on the problem. 

The current literature on higher education 
indicates substantia! concern about reduced 
opportunities for younger people on university 
science and engineering faculties. The dif- 
ficulties are attributed to declining enrollments, 
high fractions of tenured faculty, inflation, and 
particularly the rapid increase In the size of 
faculties ten to twenty years ago. Retirement 
rates are now low, and often those who retire are 
not replaced. The result is a non-uniform age 
distribution that will have an increasingly serious 
impact on the scope and quality of research in 
universities. 

From a similar institutional perspective, John 
T. {efferies, Director, Institute for Astronomy, 
University of Hawaii at Manoa, Honolulu, 
provided additional detail. 

The first problem arises from the recent rapid 
growth of many departments with many of the 
newly-created positions necessarily being filled 
with recent graduates. These people, in the 
course of time, have acquired tenured positions, 
thus tending to freeze the department into a mold 
from which, especially in a time of declining 
enrollments and decreased Federal support for 
science, it will be almost impossible to break out. 
The problem; of course, occurs in a context wider 
than the academic community. Early retirement, 
or encouragement for a career change, while no 
solutions, are avenues which might lead to some 
relief and the provision of opportunities for new 
graduates with fresh ideas. Much of the problem, 
of course, derives from the tenure system; I know 
that many universities are addressing this and 



some fresh ideas on that controversial topic 
might help to forestall the unhappy prospect of a 
department growing old together through 30 or 
more years of assured employment. 

Emphasizing the problems of young faculty in 
science research and relating them to a 
university-wide context, Robert H, Strotz, 
President, Northwestern University, Evanston- 
Chicago, IIL, said: 

A major problem in university science research is 
one that is common with other areas of the 
university, but is probably of greater significance 
in the physical and biological sciences and 
engineering. This is the decreasing number of 
faculty positions available for new Ph.D.'s. While 
this is true in all areas In universities, the change 
from the expansionist 1960*s is most marked in 
the sciences. The best of each year's crop of new 
doctorates tended to come to the university, with 
only a very few industrial laboratories being 
considered by tham as almost equivalent. With 
the greatly decreased numberof faculty positions 
available over the next few decades, this may 
cause a marked decrease in the number of very 
bright students going into fundamental research 
in science and technology. Certainly, the growing 
average age of the faculty will have a marked 
effect on the research and the teaching in these 
fields. 

Typical of solutions proposed by respondents 
to the problem of young faculty in the university 
was that made by L. D. Quin, Chairman, 
Department of Chemistry, Duke University, 
Durham, N.C.: 

More openings foryoung people can be created if 
senior personnel are removed from the payroll at 
earlier ages. I do not mean early retirement by 
this; I suggest instead that a new type of award be 
made to a university department to recognize 
distinguished accomplishments of a senior 
member of the faculty, such award being of a 
magnitude to allow the university to hire a new 
assistant professor on the tenure track, several 
years before the opening of the "slot". Such 
awards would be rather like the present NIH 
Career Development Awards; my proposed 
"Career Accomplishment Awards'* would simply 
come at the end, not the beginning of a career, but 
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the use of funds would not be greatly different. 

In his letter, C, E, Hathaway. Head, Depart- 
ment of Physics. Kansas State University. 
Manhattan, suggested a two-fold approach to 
insuring the vitality of university science 
departments. His solution would insert younger 
people into the system and also address the 
problem of productivity of university science 
and engineering faculties. 

To alleviate this problem, there is a need for a two 
prong approach. Universities should be induced 
to consider-early retirement for faculty. This early 
retirement should be sufficiently attractive so as 
not to punish retiring faculty. Such retirements 
could make room for younger faculty. 
In addition, a program should be initiated to 
encourage faculty sabbaticals. In particular, a 
program whereby NSF and universities shared 
the expense of faculty sabbaticals could provide 
sufficient inducement to universities such that a 
more realistic attitude toward the need for 
sabbatical leaves could evolve. A premium of 
value could be placed on sabbatical leaves aimed 
at training to enter a new field or subfield. This 
would encourage cross-fertilization, both within 
fields and between fields. 
Frankly, although I have listed the funding of 
fundamental research as the number one 
problem and an aging static faculty as the number 
two problem, the second may be the most 
detrimental in the long range. Funding of 
fundamental research can always be increased, 
but once a researcher begins to decrease in 
productivity, it is doubtful the same aggressive 
attitude of earlier years can be re-kindled. 
As was mentioned earlier, respondents 
associated with Federal laboratories were also 
concerned about a relative lack of job oppor- 
tunities for new graduates. Static or declining 
budgets as well as personnel ceilings were said 
to limit their ability to hire additional staff 
members. With the job market tight, relatively 
few people leave voluntarily, several 
respondents suggested, and laboratories tend to 
develop a staff "aging" problem, John E. Naugle. 
Acting Associate Administrator of NASA, put 
it this way: 
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Severe personnel ceilings constrict mobility of 
scientists, discourage young people from enter- 
ing research fields, and cause most laboratories 
to age— every year a year older. Young, recently 
trained people are the capital endowment of our 
technological society. We must replenish this 
capital at a faster rate than today's, by en- 
couraging and assisting graduate education in 
the sciences, and making spaces for new 
graduates in research institutions. 

His views were echoed by W. H. Tallent, 
Acting Director, Northern Regional Research 
Center. Agricultural Research Service: 

Personnel ceilings are preventing us from bring- 
ing in fresh talent right out of graduate school. 
With their very latest knowledge of scientific 
theory and practice and with their innovativeness 
not yet dampened by experience and maturity, 
these eager young professionals can be the very 
lifeblood of a progressive research staff. 
It is interesting to note that respondents from 
FFRDC's did not stress these issues as strongly 
as directors of Federal intramural laboratories 
and agency officials. 

Respondents from independent research 
institutes also spoke of a need to bring in new 
Ph.D ' \ For example. George Z. Williams. 
Director, Institute of Health Research. In- 
stitutes of Medical Sciences, San Francisco, 
noted: 

there is no general support for bringing on 
new staff (particularly "unproven" younger 
scientists) and initiating new research pilot 
projects. Therefore, it is difficult to attract new 
scientists, even those with proven capabilities: 
They must accept the hazards of a time-restricted 
grant and the uncertainty of further support. 

And Atherton Bean, Chairman. Mayo Foun- 
dation. Rochester. Minn., wrote: 

. . . a further consequence of this desire for rapid 
answers leadsto increased allocationof fundsfor 
contracts and for center grants to thedetrimentof 
funding for basic biomedical research. In all of 
this, the young investigator is especially 
vulnerable, since support for research training 
waxes and wanes in unpredictable ways, and as 
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his career progresses, he tends to adapt his 
investigations to the sources of funding, rather 
than to the imaginative and creative research of 
his own ■ choosing, on which the important 
scientific advances ultimately depend. 

SCIENTIFIC AND TECHNICAL- 
PERSONNEL MANAGEMENT . 

A few Federal laboratory respondents noted 
problems not only in bringing on new young 
talent, but also higher-level talent. The ceiling 
on Civil Service salaries was cited as precluding 
the recruitment of the best scientists for 
positions of leadership in Federal laboratories. 
This problem appeared parliculai 1^-acule in the 
biomedical Fields, where academic and in- 
dustrial salaries are high. 

The ceiling on Civil Service salaries is one 
element of a much larger problem described by a 
number of Federal laboratory respondents— 
what they see as incompatibilities between 
Civil Service regulations and procedures and 
the needs of R&D management. Attempts to 
control expenditures over the past several years 
are seen as having given rise to a number of 
practices severely limiting p^^rsonnel manage- 
ment flexibility at the laboratory level. Direc- 
tors of laboratories of the armed services, citing 
particulars of retrenchment actions, attributed 
these actions to overall DOD policy to reduce 
,the share of basic research conducted by 
intramural DOD laboratories and to increase 
the share done by extramural performers. In a 
lengthy, detailed critique of new Navy 
regulations aimed at reducing the Navy's 
intramural science and technology base, J. T. 
Geary, Director of the Naval Research 
Laboratory, described how those regulations 
have created, in his view, "an environment 
which lends to frustrate rather than enhance 
productive R&D": 

Specifically, these policies impose ceiling 
limitations Irrespective of the work requirements, 
the responsibilities, and the competence of a 
laboratory. . . 



Although average grade, high grade and 
supergrade limitations are designed to prevent 
so-called grade "creep" prevalent in the civil 
service, this policy when applied to Navy 
laboratories fails to recognize that quality, 
innovative R&D is dependent on the highest 
individija' competence. In order to foster this 
convne^encfc. managers must have the capability 
t::*'vi fie^xJom to create a career pattern com- 
p'Hiiivjv-j^Vith otho: iri;ilitutionsand commensurate 
witr; ?hc^at:cHity and stature of the individual. This 
IS in ij-'v. contrast to the typical bureaucratic 
insUtUik:-* with fixed organizational positions, 
whicft » >r> much ^ess on individual creativity. 

Person- ;?l codings, grade restrictions, and 
Civil oervicij regulations are all elements of the 
larger priMorn of maintaining a creative 
research environment in Federal laboratories 
and hence insuring vitality. As I. A. Wolff, 
Director of tho Eastern Regional Research 
Cenler, Aoricultural Research Service, de- 
scribnd 11:- 

Older standards of excellence have in many 
places given way to an 8:00 a.m. to 5:00 p.m. 
syndrome. Standards are lowered, a 
phenomenon that can begin in educational 
institutions. As a response to the anti-science 
attitude of the last several years some scientists 
themselves are becoming more inflexible in their 
thinking. We must try again to recreate the 
excitement of personal discovery, the satisfac- 
tions of basic achievements, and the kind of 
research groups that reinforce accomplishments 
possibly understandableoniy within the scientific 
community. The public image of scientists must 
be elevated to keep topnotch individuals in basic 
research yet permit them . adequate ego- 
satisfaction and monetary returns. 

The personnel management problems of 
Federal laboratories have their parallels in 
other sectors of the R&D community, although 
they are manifested elsewhere in somewhat 
different forms. 

On the environments for creative scientists 
and engineers, Mark Shepherd, Jr., President, 
Texas Instruments, inc., wrote: 

In my judgment, the most productive mode of 
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operation for creative scientists and engineers 
doing research in industry is to be coupled (but 
not overcoupled) to the requirements of the 
operating organizations. I have had the oppor- 
tunity to observe performance in situations where 
the research laboratory was totally decoupled 
from the perceived needs of the Corporation, 
yielding a highly unproductive and random 
output. It should be noted, however, that a 
possible danger of coupling is that long term, 
highly speculative research tends to suffer, since 
speculative longer term work is more difficult to 
manage, judge, and be patient with. 

Regarding scientific and technical personnel, 
Kent Kresa, Vice President and Manager, 
Northrop (Corporation, Hawthorne, Calil., rais- 
ed the genoral prohlem of technological ob- 
solescence and oflered several solutions: 

New and improved techniques emerge which 
make the more mature technology obsolete, and 
along with this obsolescence, is a subset of highly 
trained professionals who have worked in that 
specialty since Its inception, but do not have the 
capability nor the desire to begin anew in another 
discipline. I foresee no easy solution here, except 
for massive reeducation programs or early retire- 
ment. 

Finally, regarding the practioners of R&D, 
David Langmuir, Research Consultant, TRW 
Systems Group, Santa Monica, Calif,, remarked 
about the ways scientific and technical people 
appear to have changed. 

I think that the motivations of researchers have 
shifted in the past half century from a mixture of 
predominantly love and fame to a mixture heavily 
weighted with wealth and power, and that this has 
been more obvious to people outside the ranks of 
scientists than to those within. I do not think we 
will find our proper role in the big picture until we 
think and speak more precisely about It. 

NATIONAL POLICY QUESTIONS 
REGARDING SCIENTIFIC AND 
TECHNICAL MANPOWER 

Some relationships between long-range plan- 
ning for st:ience. national manpower policies 

54 VrrALITY ok THIi RESEARCH SYSTEM 



and Ph,D, programs were discussed by F, N." 
Andrews, Vice President for Research andDean 
of the Graduate School at Purdue University, 
West Lafayette, Ind, 

In the 1950's, we began a nationwide program to 
increase our supply of scientists and engineers. It 
is my own observation that this was highly 
successful, that we did indeed train people in 
many disciplines at a very high level, and that 
advances in the sciences and engineering have 
been of great benefit to the nation. Since then 
changing political and economic conditions and 
changes in population growth have had a 
profound effect upon all major research univer- 
sities. In some disciplines thejob market for Ph.D. 
trained individuals is poor and is not likely to 
improve. In some disciplines the decreased 
graduate school enrollment suggests that we will 
in the fairly near future be facing shortages of 
highly skilled individuals. A long-range plan for 
science would give some guidance to planning 
for advanced study. We appear, for example, to 
have an oversupply of astronomers. Obviously, 
we should not start new Ph.D. programs in this 
area, but we do need to train some minimum 
number of new people to replace those who 
retire. 

Manpower projections for new disciplines are 
almost impossible to achieve; therefore, we must 
have some kind of a base which will permit new 
sciences to develop and flourish. Forty years ago 
we had no idea how dependent we would be on 
high energy physics, and solid state physics, to 
choose only two examples. 

Apropos of national manpower con- 
siderations Mark Shepherd, Jr., President, 
Texas Instruments, Inc., Dallas, Tex., called for 
a solution to "the frequent temporal mismatch" 
between the supply of and the demand for 
advant:ed degree graduates: 

Another serious problem is the frequent temporal 
mismatch in quantity between supply and de- 
mand of advanced degree graduates from the 
universities. Moreover, the dislocation of bright, 
young, creative, technical people brought about 
by shifts in the economy and termination of job 
assignments has a profound effect on them. 
Unquestionably, this mismatch is causing the 
nation problems today, and will cause problems 
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in the future. We must invent some sort of shock 
absorber to mitigate the effect that I am describ- 
ing. 

Also, according to W. Dale Compton» Vice 
President, Scientific Research, Ford Motor 
Company, without a coordinated national 
manpower policy, changes in funding patterns 
c£.n produce dislocations in university research 
programs and thereby alter the availability of 
new talent for industry. 

The source of funds inevitably influences how 
many students can be trained in an area. While it 
is true that the training of students in fields of low 
priority is to be discouraged, changes in research 
direction frequently occur in a time frame in 
which the educational system cannot respond. 
For example, we have moved quickly from 
emphasizing materials to energy in our research 
funding, but there appears to be little planning on 
the part of any of the agencies on how to 
accomplish this without causing major dis- 
locations to the graduate research activities. I 
would strongly recommend that serious con- 
sideration be given to finding a way to stabilize 
the long-term research needs of the university 
training programs upon which we are all depen- 
dent for new employees, without making them 
subject to the rapid fluctuations that occur in the 
research missions of the agencies. 

Addressing himself to a different aspect of 
national manpower policy, James Hillier, Ex- 
ecutive Vice President, Research and Engineer- 
ring* RCA, discussed what he sees as 
Government-induced inflation in the cost of 
professional and technical manpower. 

The dominant cost in any research is the cost of 
professional and technical manpower. This cost 
is determined by a relatively free market, that is, it 
responds to the balance of supply and demand. 
Unfortunately, the supply can respond only 
slowly to changes in demand due to the long 
period (6-9 years) between the point when an 
individual commits to a professional career in 
science or technology and the time when he 
enters the market.TheGovernmenthas tended to 
ignore the dynamics of the system in the planning 
of its technical programs. The growth of military 



and aerospace R&D created a demand for 
professionals that greatly exceeded the capabili- 
ty of the system to supply them with the result that 
the rate of increase of cost substantially exceed- 
ed the national inflation rate. Similarly, the rapid 
and highly publicized reduction in aerospace 
engineering greatly reduced engineering 
enrollments. The resulting artificial shortage is 
just now moving into industry. This, by itself, is 
inflationary. 

Unfortunately, there are strong indications that 
the Government will make matters worse by its 
stepped-up programs on energy research. I 
recognize that the primary effect is in engineer- 
ing. However, in industry the inflation rapidly 
spreads into the basic and exploratory research 
areas. The result Is a steady reduction in the 
annual effort that is roughly equal to the 
difference between the national and professional 
inflation rates. The total industry reduction is 
greater because of the abrupt discontinuance of 
basic and exploratory research when the steady 
reduction takes the effort below the "critical 
mass" or the fortunes of the company requ ire it to 
"defer" noncritical expenses. Either case is 
tantamount to permanent termination. 

The above paragraphs typify respondents' 
concerns related to national manpower policies 
for scientific and technical personnel. 

CONCLUDING REMARKS 

This chapter provides views from each 
research sector on the role of scientific and 
technical manpower and the role of institutional 
environments in maintaining the vitality of the 
research system. Representative views appear 
for most of the major issues and problems 
concerning vitality. Suggested solutions to the 
issues and. problems appeared in about one- 
third of the letters. Table 4-1 lists some of these 
solutions. Frequently these suggested solutions 
were mentioned without any elaboration. In 
cases where no solution was offered 
respondents often said they saw no solution or 
that any meaningful solution would require 
further analysis and study by the scientific 
community and the public. 
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Table 4-1. Some Suggested Solutions from Respondents for Issues 
Concerning Vitality of the Research System 



Issue Group 



Research Man- 
power for the 
Future 



Opportunities for 
Young Scientists 
and Engineers 
throughout the 
Research System 



Scientific and 
Technical Per- 
sonnel Manage- 
ment 



Federal 
Laboratories 



Independent Research 
Institutes 



Industry 



University 



Separate graduate edu- Stabilize training 
cational objectives from support (whether as 
research objectives. fellowships, trainee- 
ships or research 
support) in order to 
ensure a predictable 
output of Ph.D.'s 
for industry. 



Permit Federal lab- 
oratories to hir5 basic 
research scientists in 
a new category of 
appointments outside 
Civil Service 



Provide greater flexi- 
bility in personnel 
management under Civil 
Service regulations. 



National Policy 
Questions Regard- 
ing Scientific and 
Technical Man- 
power 



Overhaul academic 
world to nurture and 
develop creativity. 



Provide massive re- 
education programs or 
early retirement to 
avoid problems of 
technological obsoles- 
cence. 



Operate more Federal 
laboratories as 
FFRDC's 



Develop program of 
national science re- 
search fellowships to 
insure job continu- 
ity for scientific person- 
nel in the face of 
fluctuating Government 
objectives. 

Enhance creative role of 
researcher by decreasing 
the role of RFP in L-sic 
research efforts. 



Revitalize high school 
science. 

Provide teaching support 
fellowships for top stu- 
dents. 

Activate graduate 
traineeship program. 

Prepare flexible, inter- 
disciplinary oriented stu- 
dents with education and 
research programs along 
interdisciplinary lines. 

Place more young sci- 
entists on agency 
review panels. 

NSF should support 
studies on aging, 
static faculty and 
possible new struc- 
turing of faculty 
positions 

Abandon tenure system. 

Develop specialized re- 
search centers as new 
organizational experi- 
ments for separation 
of education and 
research. 

Identify new areas 
where future scientists 
will be needed. 
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Freedom of inquiry is a value 'that has 
traditionally been associated with science. The 
right of the scientist to choose his own line of 
research and follow it wherever it may lead is 
widely defended as being desirable or even 
necessary for the fruitful development of 
scientific knowledge. Several of the letter 
respondents expressed this view. Moreover, it 
has long been accepted that science should be 
free of interference from government. These 
rights were established early in the history of 
modern science, as the new scientific communi- 
ty gradually won its struggle for recognition. 

The respondents mentioned a number of ways 
in which they find that the contemporary 
situation departs from the ideal of completely 
free inquiry. For example, in the industry sector 
there was special concern that inflation, a 
declining availability of capital, and the need to 
solve immediate problems are restricting in- 
dustry's ability to conduct basic research. 

Usually, however, the loss of freedom in 
doing research was attributed to actions of 
government. The problem, as it was reported, 
stems largely from the dependence of the 
different sectors on government research sup- 
port. This dependence may not be part of the 
classical picture of free scientific inquiry, but it 
is a present reality. Two results of it were 
widely perceived. First, the fields of research in 
which support will be provided are limited by 
public policy and the particular policy of the 
granting agency. In fad, a great deal of concern 
was expressed about pressures lo do targeted or 
applied research rather than basic research. 
Such pressures were reported particularly by 



the Government and university research sec- 
tors, where the dependence on research support 
from government is quite strong. 

The other result of depending on government 
support is what was widely felt to be over- 
management or overregulation of research by 
government. Again, this problem was ex- 
pressed frequently by the Government sector, 
where there is direct budget control by a Federal 
agency, and consequently a great deal, of direct 
management. In the universities, wheregovern- 
ment support takes the form of research grants 
and contracts, there was concern over the 
amount of paperwork that is required in 
connection with such support, and also with 
regulations governing the actual conduct of 
research. Although most research in industry is 
not funded by government, this sector also 
reported very frequently that government 
policies and regulations are hindering their 
basic research effort. 

It will be convenient, therefore, to divide the 
following discussion of fi-eedom in the research 
system into two parts. The first will deal with 
the pr(?ssure to do applied rather than basic 
research, as it was reported by each sector. The 
second part of this chapter will similarly deal 
with problems pertaining to overregulation of 
research by government, 

PRESSURE FOR APPLIED 
RATHER THAN BASIC RESEARCH 
University 

Of all the issues that were raised by universi- 
ty respondents, this is [he one that was 
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mentioned most often. One statement of this 
issue came from President Dale R. Corson of 
Cornell University: 

The first problem I want to mention is vvhat I 
perceive as a growing tendency of government to 
target the research it sponsors on short-range, 
high-payoff objectives, to the detriment of both 
longer-range needs and the education process. 
We have moved away from the support of people, 
including students, and away from investment in 
the future. 

Specifically targeted research, typified by 
relatively short deadlines and by the request-for- 
proposals procedure, is not well suited to 
university research and the training of young 
scientists. Whatever happened to the cid notion 
that the very best people should be identified and 
then given an opportunity to explore the leads as 
they see them? 

The above reply proposes that one of the 
damaging effects of the pressure for applied 
research is its effect on the educational process. 
There is a specific effect on the faculty and their 
research, according to Eugene H. Man, the Dean 
of Research Coordination at the University of 
Miami: 

The drive toward short-term, problem-oriented 
research in academic in.stitutions is already 
showing the potential it has for becoming" a 
corrosive factor in this University's capacity for 
conducting fundamental research programs. 
Faculty are caught between two pincers: the lure 
of funds available for producing rapid answers to 
immediate problems, and the erosion of support 
for more basic, long-range research. Further, the 
support continuity for long-term research es 
missing. 

We see our most talented faculty, responding to 
the need to keep research programs and 
organizations intact, moving toward less fun- 
damental areas because of the lure of more 
certain funding. The eventual result, if this trend 
continues, will be that our national reservoir of 
talent for developing the fundamental concepts, 
on which all applied research must ultimately 
feed, will become depleted. 

Dean Man here shows how freedom in 



research can be related to stability of funding 
and the need to maintain the supply of capable 
scientists, which are issues discussed in 
previous chapters. 

These two replies suggest that overemphasis 
on applied research is shortsighted even if one is 
interested in getting practical results. The 
respondents generally were not opposed to 
applied research in itself, but they insisted thal^ 
basic research also is necessary to guarantee the 
production of useful technology in the long run. 
This view is illustrated by the comment of 
George A. Russell, Vice Chancellor for Research 
and Dean of the Graduate College at the 
University of Illinois: 

A careful analysis of successful solutions to some 
of the major problems this nation has faced in the 
past, whether it be in food production, com- 
munication, transportation, medicine, etc., will 
reveal two essential ingredients for success: a 
core of basic knowledge, generated in most cases 
from "non-relevant" research, and a cadre of well- 
trained individuals who can extend and expand or 
re-direct their fundamental research to the 
solution of the pressing problems of the time. In 
the corn country of Illinois, we do not today reap 
150-200 bushels of corn to the acre because we 
set this as a goal, and did "relevant" research to 
achieve that goal, but because basic "non- 
relevant" research in plant genetics helped to 
obtain the fundamental insights needed to make 
the slow but steady progress In agricultural 
technology that was required. 

The views seen so far came from university 
presidents and vice presidents. Table E-1 of the 
" Appendix shows that these respondents men- 
tioned the pressure for applied rather than basic 
research more frequently than any other issue. 
That is true for both Carnegie Research Univer- 
sities I and Universities II. It is also true for 
department chairmen. However, there were 
certain classes of disciplines, engineering in 
particular, in which the chairmen did not rate 
this issue, as Hrst. Engineers actually rated it 
quite low. 

The responses from chairmen illustrate this 
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issue from a perspective that not only is closer 
to the actual research work, but also is 
conditioned by the problems of individual 
disciplines. As an '^xample, from the Division of 
Biological and Medical Sciences at Brown 
University, Dean Elizabeth H. Leduc wrote: 

Our "number two problem" Is that of low faculty 
(investigators) morale. This is the result of a 
general malaise based on recent changes In the 
Federal system of support for biomedical 
research which can be summarized very briefly as 
follows: 

- Shifts in program emphasis to specific 
targeted research, primarily on cancer and 
diseases of heart and lung, with resultant 
diminution of research support for other 
areas of biomedical research; 

- Concomitant emphasis on rapid translation 
of research results to clinical applications, 
suggesting a competition forfunds between 
fundamental research and health care, . . . 

Another chairman's view came from Earl 
Hunt, Chairman of the Department of Psy- 
chology at the University of Washington, who 
stated: 

The second problem that Psychology faces, at 
the institutional level, is that Psychology is, and 
always has been, under heavy pressure to "make 
our research relevant" before the necessary 
scholarly knowledge base has been established. I 
could make an excellent case out for the 
proposition that the current mess over In- 
. telligence testing ar'^^'^for precisely that reason.. I 
am concerned the' such pressures are in- 
creasing. In particular, agencies of the federal 
government seem to have more and more money 
for programs that promise"results now," and less 
for the slower but safer route of establishing 
scientific facts before offering social engineering 
advice. In this respect some of the current 
policies of NIE and NSF are disturbing. 

Similarly, the chairman of a physics depart- 
ment reported that one of his faculty members is 
a recognized expert in nuclear physics. 
Although he is eager to work on a theoretical 
problem in that field, he is working in another 
field where funding happens to be available. 



Government 

In the Government research sector, the 
increased emphasis on short-term rather than 
basic research was again a major issue. Among 
all these respondents combined it ranked 
second, while it was actually first among 
directors of intramural laboratories and head- 
quarters officials. Here again, the issue is often 
expressed in terms of pressures for targeting 
and short-term payoffs in research, and a bias 
against longer-term more fundamental efforts. 
For example, W.N- Hess, Director of the 
Environmental Research Laboratories (ERL),of 
the Department of Commerce's National 
Oceanic and Atmospheric Administration 
stated: 

The major Issue related to fundamental research, 
as I see it for a laboratory system such as ERL, Is 
to achieve and maintain a proper balance 
between short term and long term research. . . 
there Is strong pressure on our research 
programs to focus efforts on providing short term 
results. . . . 

The implications of this trend were noted by 
many respondents, including William W. 
Carter, Acting Technical Director of the Harry 
Diamond Laboratories, U.S. Army: 

With the lack of a strong, clear federal policy on 
fundamental science, and a national anti-science 
climate. Congress and others are pushing too 
strongly the short term, applied research 
emphasis. We are out of balance and will pay the 
consequences in the 1980's. It is exceedingly 
difficult to protect and fund even small groups of 
basic researchers for the extended times that are 
needed to produce significant results. 

The phrase "pressure towards research with 
short term payoffs" recurred with considerable 
regularity among the responses. Again and 
again, laboratory directors spoke of the dif- 
ficulties of sustaining basic or long-term 
research in the face of these pressures, and 
expressed the desire to establish a balance, so as 
to assure "replenishment" of the stock of new 
knowledge for future applications. 
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Industry 

The respondents from industry were also 
concerned about an increased emphasis on 
applied research. In fact, this was a major 
concern of theirs. As Table E-2 in the Appendix 
shows, the third most prevalent issue men- 
tioned in the industry sector is the perception 
that short-term relevance is becoming the only 
objective of research. In addition, the table 
shows that there are other issues from this 
sector that have to do with an alleged shift away 
from fundamental research. 

The problem of short-term relevance was 
mentioned particularly often by vice-presidents 
or directors of research. For example, C J. 
Meechan, Vice President for Research and 
Engineering at Rockwell International, said 
that: 

Theformidablechallenges which the nation faces 
(in areas of energy, resources, environment, 
food), in conjunction with limitations on financial 
resources have? forced many basic research 
workers into activities aimed at short-term 
solutions to these problems. The lower priority 
given to fundamental research restricts and 
inhibits the scientific freedom necessary to 
attract highly motivated, skilled researchers into 
promising areas. In addition, it promotes a lack of 
funding continuity, which makes it difficult to 
establish and retain the necessary sophisticated 
teams required to efficiently carry out substantial 
projects. The subsequent instability and disrup- 
tion creates longer term problems in attracting 
and motivating top quality scientific talent and 
skilled research managers. 

This response from industry sounds very 
much like the university' letters previously 
quoted, where the pressures on individual 
researchers are emphasized and the connection 
between loss of freedom and instability of 
funding is brought out. 

In the above quotation, two reasons are given 
for the shift to applied research. One is the new 
and formidable problems that the Nation faces. 
The other is limited financial resources. Other 
respondents e laborated on this latter point by 
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indicating that businessmen can no longer 
count on capital being easily available on a 
long-term basis. Hence there are more short- 
term applied projects, as opposed to long-term 
basic and exploratory projects. An example of 
this view is the statement of James Hillier, 
Executive Vice President, Research and 
Engineering, at RCA Corporation, which v>^a3 
quoted in Chapter 3. For him, there is a close 
connection between the issue of declining 
availability of long-term investment capital and 
the present issue, declining freedom to do long- 
term, basic research. 

Some respondents traced the pressure for 
applied research to policies of the Federal 
Government. An example is the statement by D. 
J. Blickwede, Vice President and Director of 
Research for Bethlehem Steel Corporation: 

At the national level, our goals for science and 
technology have become mission oriented. That 
is, the objective of much of the research being 
funded by the Government through NSF, etc., is 
aimed at solving specific National problems. In 
this regard, emphasis has been placed on socio- 
economic programs at the expense of basic 
research in the pure sciences. 

The result of this trend. . .is to markedly reduce 
the Nation's basic research effort in the short 
range, and in the long range to seriously 
jeopardize our position of world leadership in 
science and technology. 

As a solution to this problem, I believe that we 
should de-emphasize mission oriented rt^search 
and return to funding programs aimed at the 
advancement of knowledge, particularly in 
science and technology. It is knowledge of this 
type that ultimately is utilized by An^erican 
industry and which has been responsible for our 
position of vyorld leadership. 

This also is similar to the many letters from 
universities and Government laboratories that 
see the problem as one caused by a. policy of 
government. In fact, there were industry 
respondents who took the same point of view as 
those university respondents who deplored 
pressures that government places on univer- 
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sities to do applied research, The slalemenl 
from Geor^»e L, Pake, Vice President of Xerox 
Corporation and Manager of the Palo Alio 
Research Center, illustrates this: 

I believe there Is no doubt in anyone's mind that 
the federal agencies, with congressional and 
possibly even public support, have been pressur- 
ing the universities in more applied directions. 
Here I feel my experience in both sectors, i.e., 
universities and industry, is of some value. Basic 
science is what universities do best. Applied 
research and development is what industry does 
best. It is not easy to justify to stockholders large 
expenditures on. basic research thai is just as 
likely to be applied by a competitor as by my own 
company^ Universities on the other hand cannot 
solve real-world problems because they have no 
inherent requirement to solve such problems. As 
an industrial research manager, I depend on 
universities to build the fundamental science 
base from which my research scientists can draw 
in solving applied problems for Xerox. 

This hroador view reinforces what many 
university respondents themselves said — lhal 
the university is the place for hnsic reseiirch, 
and lhal the level of such research at univer- 
sities should not he diminished. 

Independent Research Institutes 

Many respondents from the industry sector 
were concerned lhal a decline in hasic res(^arch 
can have harmful effects on the conipetilive 
position of American industry and v.vv.n on lh(^ 
leadership roh^ that this country plays in the 
world, A very similar concern was expressiu! in 
the independent research institutes, wheri^ 
over-emphasis on applicjd n^seiU'ch ranketL 
seventh amon^ all issniis ukmiI ioniMl, 

Thus, the following opinion was express(Ml l)y 
Martin (inland. Presidcjnl of SoiitluvesI 
Research histilute: 

The second issue I would like to raise Is Iho 
obvious one of the reduced national recognition 
of the Importance of basic research, The com- 
bination of changing public attitudes and the 
reduced resources available to research because 



of the economic recession, has caused a marked 
reduction in the amount of fundamental research 
activities being undertaken. It is imperative that 
the current atmosphere which downgrades 
fundamental research in favor of directly relevant 
and applied tasks be counteracted. 

The gradual erosion of our national research 
capabilities in comparison with the other nations 
of the world could pose severe problems, in my 
view, to our future social and economic viability. I 
shall not bore you with the arguments which I am 
sure are already familiar to you regarding the 
reliance we. place on our technological strength 
to insure that American industry remains the 
most competitive and cost-effective producer of 
goods and services. The flow of new ideas which 
come from fundamental research Is the obvious 
catalyst which enables us to maintain our 
leadership position. 



OVERREGULATION 
Industry 

Of all the issues mentioned by industry 
riispondenls, \hv. one brought up most often was 
j^overnnienl rii^uhdions and controls. This is 
shown in Table Iv2 of the Appendix, A liroad 
statement of this issue came from Frank IL 
Mealey, Research Vice President of Lever 
Broth ers: 

Regulatory actions aie compounding at an 
alarming rate— arising not only from new 
legislation— but from the creation of federal, state 
and city agencies with powers to promulgate new 
and broadened regulations, The Fopd & Drug 
Administration (and Its 0-T-C panels), the 
Consumer Product Safety Commission, the 
Occupational Safely and Health Administration* 
the Environmental Protection Agency and the 
Federal Trade Commission all are actively 
proposing or Issuing regulations affecting the 
technology of consumer product companies. 
New testing methods, new criteria for safety and 
efficacy, now environmental requirements all add 
to the time, effort, and cost of developing new or 
Improved products. Often these criteria change 
or are in conflict. If this trend continues, the risk 
and capital involved in developing and in- 
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troducing any new product may become 
prohibitive for all but the very largest companies. 
The effect can then lead to elimination of long- 
range research since no pay-out can be an- 
ticipated, 

B.L, Williams, Director of Corporate Research 
at Monsanto, was more conctirnecl about con- 
sistoncy of rogulalions. One of the problems he 
listod is "The inconsistency of government 
regulatory actions or proposed actions," 

It is not the regulations themselves or the threat of 
regulatory action, onerous as they might be, but 
the unpredictability of such action. The unpredic- 
tability tends to push deployment of resources 
toward fighting real or possible 'lires," Fire 
fighting might require basic research, but it is not 
likely to be predominantly long range. This is 
particularly true in product and end-use regula- 
tion, as well as what basic raw materials will be 
economically preferred in the 1980's. These 
concerns require generation of more options, 
than in the past for defensive purposes. 

Of all thn consequencosof overrngulalion, one 
of the most serious, according to the industry 
loiters, is that research resources are diverted 
from basic research to "defensive" research, i.e,, 
research designed to insure compliance with the 
regulations. This is clearly the opinion of Loe A, 
lacocca, President of the Ford Motor Company: 

Long-range research on problems of concern to 
major U,S, Industries is essential to the 
maintenance of a technological base that will 
permit the U,S, to remain competitive in the world 
economy. Although part of the drastic decline in 
industrial support for such research is a result of 
the depressed economy, another serious cause is 
the need for industry to commit a substantial and 
increasing proportion of its research resources in 
response to regulatory demands and goals 
established by the Congress and a number of 
federal agencies. Research is needed to develop 
sound technical solutions to erivironmontal and 
safety problems, but some present and proposed 
regulation is excessive, and research to moot 
such goals wastes scarce research resources, In 
these cases, resources could far better be spent 
on long-range rosoarch that will provide im- 
proved products or procoasos, 

IVl I IU:KI)()M in TlIK Ur.SKAUCl 1 SYHTHM 



The same point is made by Herbert E. 
Hirschland, Vice President for Technology and 
Development of the American Can Company: 

Fundamental (long term, basic) research has 
classically been a small percentage of total 
industry research. Nevertheless, it has been 
important and there are certainly many examples 
well known to all scientists, Industry has been 
more concerned with applied or developmental 
research, again for reasons well known to the 
scientific community. Our fears are that the last 
vestiges of industry's fundamental research, as 
well as the related efforts in applied research, will 
take a back seat to research related to com- 
pliance. While we must be careful not to portray 
an image of being anti-environment, anti- 
pollution, anti-consumer, anti-general societal 
benefits, the cost of R&D associated with 
government regulations, as well as the cost of 
coping with all of the requirements, per se, is 
increasing dramatically. 

In the view of Richard A. Greenborg, Vice 
President for Research and Development at 
Swift & Company, this deflection of productive 
research funds into "defensive" research 
depends closely on the public s altitude toward 
science and technology, He fell thai both 
Federal regulalory agencies and the Congress 
are acting defensively because of public 
pressure. As a result, their actions are im- 
peding, rather than promoting, technical ad- 
vance. The situation, in his view, has reached 
crisis proporlions, and must be reversed, The 
National Science Foundation must spearhead a 
program to inform the public of the "virtues" of 
technological advance, in order at least to put its 
polenlial negative aspects into perspective. 

There isono aspect of iheoverregulalion issue 
that is peculiar to industry, A fair number of 
letters expressed concern about Federal patent 
policy and antitrust legislation, maintaining 
that these are hindrances to research, ), H. 
Cross, IDireclor of Research at the United Stales 
Steel Corporation, expressed this view: 
Present patent laws are not particularly generous 
when one considers the length of time required to 
bring n now technology to useful status. Rather 
than improve exploitation of patont rights, 
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pending and proposed legislation WuKG ycqiii i?- 
tion and maintenance of patents so dir/iciili u^at 
they approach confiscation of privcitely 
developed technology in fields considered to be 
crucial to the "public Interest/' This philosophy 
can do nothing more than discourage Investment 
In major high-cost,, high-risk research programs, 

On the subject of antitrust legislation, he 
added: 

Even it oatent protection provided appropriate 
Incentives, many projects envision development 
costs* beyond those that can be underwritten by 
even the largest corporations. Such research 
could be undertaken on a consortium basis to 
permit tolerable financing and to avoid costly 
duplication of effort. However, precedents 
suggest that this approach could be subject to 
challenge under the anti-trust laws, This problem 
can be eliminated by consistent, understandable 
guidelines as to the Federal Government inter- 
pretation of the application of the anti-trust laws 
to joint research and development projects or 
through new, more liberal legislation. 

Government 

In lhc» Government research sector, 
overrej^ulation was also fell, hut in a clifferenl 
form, Since these laboratories are directly 
managed, or at least funded, by the Govern- 
ment, Ihinr concern was with overmanaHtinient, 
or loo many restrictions imposed by higher 
adminislralive levels. This issue ranked third 
among all respondents from this sector com- 
bined, and was actually second among FKRDC's 
as Table t) of Appendix \\ shows. In view nf Ihc 
open-ended manner in which the questions 
were posed to the respondents, the similiuMty 
between many of Iheir statements is 
remiu^kahle, and suggests the (ixistence of 
widespread and deep conc(a*n. Two examples 
will illustrate the flavor of this concern. ]. I^. 
Golvard, Technical IJiroctor at the Naval 
SurfaciJ Weapons ('ent(u\ wrote that; 

The major problem I see facing research in the 
near future Is "over management by multiple 
levels of review," This over management so 
oven/vhelms the other problems that It makes 
them minor. 



. . .The dollars appropriated for research are 
adequate. The dollars expended on research are 
inadequate because so many of the dollars are 
spent In reviewing and managing the research. 

From George H. Vineyard, Director of the 
Brookhaven National Laboratory, came the 
statement that: 

Among many critical issues, in addition to the 
perr iniat question of funds, I would single out 
theff . 

1, At what level should the primary respon- 
sibility for directing research programs 
reside? 

Should Itbe with theindividualsclentistand 
his institution, or should it be in 
Washington? 

The first issue arises because of the strong 
tendency for research to be directed more and 
more from Washington. As public concern with 
technological issues has Increased and as this 
concern has been reflected in Congress and In 
the Federal agencies, tighter management from 
above is being imposed. In this Laboratory, for 
example, the degree of detailed Involvement of 
our principal sponsor (ERDA) in setting priorities 
and determining the nature of each research 
progranri is rapidly increasing, and no limit Is in 
sight. Along with this, our budgets become ever 
more fine-grained and detailed. 

Vineyard adds that ERDA has been made 
aware of this problem and is reviewing it. 
Another laboratory director spoke of 
''pragmatic micro management"; whih^ 
elsewhere it was termed "excessive program 
control"; or "management of, control of, in- 
fluence on, and guidanceof science hy nonscitui- 
lisls." All these directors seemed to have in 
mind the same problem: decreasing autonomy 
of tluur institutions, vis-a-vis Iheir parent or 
sponsoring agencies, 0MB, and Congress, The 
views of the laboralory directors on this issue, 
furlh(a*nu)re, were shared in higher levels of 
tluiir agenci(!S, a fact (jvidenced hy the leller of 
john Naugle, Acting Associale Administrator of 
NASA. Naugle, taking a perspective sym- 
pathetic to the I ahorat oriels, discussed the 
''probhm^ of overdirection of basic researcii," 
and observinl that: 
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Basic research Is severely restricted by the 
application of management techniques that have 
been used on highly specific project activities. 

The need for clelailetl aclvancetl planning of 
rcsoaroh was seen by Naiigle as reducing the 
freedom of inquiry of the researcher and forcing 
him inlo more conservative paths. In addition, 
others slated that it absorbs a considerable 
frnclion of Ihe liine and energy of researchers 
and thus detracts from the effort that can be 
devoted to the research itself. At the in- 
stitutional level, such planning generally en- 
tails the subdividing and compartmentalization 
of budget categories. This in turn was said to 
increase administrative overhead, and reduce 
the hiboratory's ability to organize its resources 
so as to respond to opportunities which may 
appear between budget cycles. In addition, 
excessive external direction was often felt to 
reduce the coherence of a laboratory's 
program—the sp(u:ial strt ngth it derives from 
operating a set of inter-related activities. This 
allegedly transforms the laboratory into an 
instrumentality of higher administrative 1(iv(j1s 
(a "job shop") rather than an (mtity with an 
organizational logic of its own. 

Part of th(; tendency t{)VViir(l stronger (um- 
Irali'/.ed control of research, in the minds of 
some respondents, is a growth in the 
bureaucrati/.ation of Government R&D. Red 
tape and unnecessary iulministration were 
particularly mentioned by the responchmls. 
WitncKHS, For example, the words of Harold M. 
Agnciw, Dire{:tor of bos Aliunos Scientific 
Laboratory: 

The ever increasing bureaucracy composed of 
managers who require more and more detail, 
justification, and guaranteed schedules, will In 
the not too distant future completely eradicate 
our Nation's world position In research and 
technology. Bureaucratic regulations and re- 
quirements for conformity will stifle basic 
research. Bureaucracy will eradicate creative 
endeavor and Innovation in the long run. 
Bureaucracy eventually loses sight of what the 
real original ob|ectivo was and becomes only 
concerned in Its own management and control 



functions. Unless this trend toward centralization 
is somehow reversed I predict the U.S. will rapidly 
lose its lead in science and technology. 

Independent Research Institutes 

Among independent research institutes this 
concern about increasing bureaucratic controls 
was also expressed. For example, from the 
American Institutes for Research in the 
B(jhavioralSci(mces, President Paul A. Schwarz 
wrote: 

Problem #2 is the growing red tape associated 
with the preparation of proposals and the 
management of research. We have no quarrel 
with the objectives of tight financial safeguards, 
and certainly not with the growing concern for 
individual privacy, for legitimate rights to infor- 
mation, for other social goals. But each of these 
entirely worthwhile objectives loses much in the 
instrumentation. Again, the needs of the 
bureaucracy for stipulating, monitoring, and 
quantifying seem to take precedence over the 
Initial objective, which gets all but lost in the 
comfortable rigidity of the mechanics. We are 
especially distressed by the growing introduction 
of procedures that were motivated by notorious 
excesses in commercial enterprises quite 
different from ours, which are applied willy-nilly 
to all, and have no effect whatever except higher 
costs of administration. We suspect that a 
complete overhaul of the proliferated re- 
quirements and a greater reliance on peercontrol 
• mechanisms could markedly Increase the 
productivity of research, In devoting more of the 
research dollar to science and less to Incidental 
administration. 

This recalls the statement from the industry 
sector that the cost of compliance with 
regulations comes out of the research budget, 
and thereby diminishcjs the amount of gcmuine 
res(}Jn*ch. In Ibe independent rescjarch in- 
stitutes, this issue riinked fifth. 

University 

In Ihe universiticis, the aspect of overrcjgula- 
tion most often mtMitiomul was ibcj increased 
(himand by government bodies for accountidiili- 
ty. M'his was Ibe liflh-rnnking issuer among 
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presidents and vice presidents (combined) from 
Carnegie Research Universities L One of these 
officials stated the issue in this way: 

One of the problem areas adversely affec*mg the 
productivity of working scientists at Rutyv:>rs, and 
presumably at many other state universities, is 
the faculty response to the institutional need for 
greater public accountability. 

Such accountability, Initiated by state 
governments for a variety of reasons, butbasical- 
ly financial, while reasonable in intent, has 
generated a variety of management devices, 
some imposed by the State and otherscreated by 
the University which tended to shift faculty 
emphasis from quality to efficiency in education 
and scholarship. 

The management devices used include formula 
and program budgeting, moreelaborate justifica- 
tion of specific programs, reordered allocation of 
resources as well as much closer monitoring of 
faculty time and work loads. The emphasis on 
faculty work loads has resulted in a squeeze on 
available time which adversely affects both 
teaching quality and research productivity. In 
addition, monitoring of faculty time has created a 
trade union atmosphere which has a 
deprofessionalizing effect on the faculty with a 
consequent reduction, in my judgment, on 
creativity. Of course, accountability is necessary, 
and In some respects it has had a salutary effect 
on the faculty, but as an overview in the manner it 
has been addressed at Rutgers 1 believe it has had 
and will continue to have detrimental effects on 
research productivity. 

This is IVoni jonins W. (jroon, Actin^i* Denn of 
the Griuluatc; School al Kut^iirs, Although llu» 
ahoV(i comnKjnt was in l(;rms oi I ho (hMnands of 
Slate a^nn(:i(;s lor accoiinlabilily, th(J problem 
was not seiMi \hv.rv. alono, 1^'or exaoiplo, William 
F. Massy, Vion Provost lor Knscjarch at Stanfoi'cl 
UniV(;rsity, bad tlu;s(» conccirns about I''o(l(;ral 
demands for accounlabilily, and Kedcjral 
r(»Hulalions In ^(mkmniI: 

The second critical issue is the reduction in 
research productivity cue to the increasing 
number of complex and uncoordinated federal 
regulations that have boon hitting research per- 
formers. 



The impact of this is to drive upward the costs of 
compliance with executive orders and contract 
provisions unrelated to the work statement In the 
research proposal. This leads to Increased direct 
charges on grants and , contracts as principal 
investigators add people to deal with these 
regulations and the ancillary requirements put on 
by the University's administration in order to meet 
its obligations and keep risks at a tolerable level. 
In .addition, the University's indirect costs go up 
for the same reasons. 

Massy here adds some quantitative informa- 
tion. During the period from 1967 through 1974, 
he stales, the indirect costs of sponsored 
research, instruction, and departmental 
research at Stanford grew at an average real 
rate of 3.4 percent. The general and ad- 
ministrative component of these indirect costs 
grew at a real rate of 5.9 percent per year. At the 
same time, the real direct expenditures for all 
research and instruction actually declined al an 
average rate of 1,5 percent. Much of this 
increase in general and administrative costs at a 
time t)f decreasing direct costs he attributes to 
externally imposed requirements. Examples 
include increased demands for accountability, 
mor(i complex requirements and litigiousness in 
the employee relations area, affirmative action, 
and miscellaneous requirements of the Federal 
procurement process. This increase occurred in 
spile of a successful effort by the Universily to 
decrease its overall general and administrativt; 
budget during the same period. Massy goes on 
to say: 

In addition to out-of-pocket costs, scarce faculty 
time is increasingly being allocated to coping 
with externally imposed regulations not related to 
the scientific effort needed to perform the 
research. Examples of individually worthwhile 
but cumulatively burdensome requirements 
include: ever more extensive and complex human 
subjects reviews; animal care regulations; health, 
safety, and radiological hazards review and 
certification; affirmative action; and (potentially) 
Increased requirements for property control and 
faculty time and effort reporting and documenta- 
tion. Coming at a time when Indirect cost rates are 
rising (due to the reasons set forth above) and 
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research fundmg is harder to obtain there is a 
danger that these pressures will cause potentially 
productive scientists to opt for "easier" but less 
meaningful lines of research that do not require 
government sponsorship. 

We emphasize again that many of the changes 
that have occurred during the past few years are 
individually meritorious. However, their 
cumulative effect is to divert substantial sums out 
of the doing of research and into its administra- 
tion. There is also a disturbing tendency to 
promulgate tight regulations with broad 
applicability to take care of situations that have 
been identified as occurring in a few cases. In 
other situations the ills that are sought to be 
corrected may be more imagined than real. We 
believe that there is an urgent need forevaluation 
of the cumulative effect of federal regulations and 
accountability requirements vis a vis research, 
and upon the cost-effectiveness of individual 
regulations. 

This vinw ^oes beyond the issue of accounl- 
abilily to that of Federal regulations in general. 
For Ihis reason, it sounds mueh like the industry 
responses. Like them it emphasizes the idea that 
individual regulations may be good or at least 
well intended, while their actual eumulative 
elTeet is to restrict the freedom of research 
severely and to add grt^atly it" *'"st, 

A view of this problem from the departmental 
level was provided by Walter Dick, Leader of 
the Industrial Design and Development 
Program at Florida State University, 
'I'aliahasstie, 

We have essentially arrived at the point at which 
only those project centers which can afford, 
through multiple project funding, to hire a full 
time business administrator, can survive in a 
university environment. There are now so many 
rules and regulations and forms to fill out which 
are required both by funding agencies as well as 
the State of Florida and the state university 
system, that It Is almost impossible for an 
Individual researcher to carry out his normal 
responsibilities and also be able to cope with all 
the requirements placed on him as a project 
executive-paper shuffler, . . Several of our 
faculty members have publicly stated that they 
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v^ill not seek external support because of this 
situation. 



SUMMARY 

All of the research sectors reported that they 
felt a pressure to do short-term, targeted, and • 
applied research rather than long-term and 
basic research, This pressure was attributed in 
part to the economic situation, but largely to 
decisions by the State and Federal 
Governments, A great many respondents 
thought that this trend would not only have the 
effect of damaging the Nation's efforts in basic 
research, but ultimately would also damage its 
technological development, and even ily posi- 
tion of world leadership, 

1'he remedies that were offered were relative- 
ly straightforward and, in broad terms, were the 
same in all the sectors: fund more basic 
research, give researchers more freedom in their 
choice of projects, bring applied and basic 
research into better balance, The specific 
suggestions were mostly variations on these 
themes. 

For example, it was stated that NSF has 
movetl away from its commitment to basic 
research, as is evidenced by its research 
application programs, and that such programs 
should be abandoned. Some respondents fell 
that the public and government should have 
brought to their attention the difference 
between basic research, on the one hand, and 
applied research and development, on the other, 
Thus they might better understand the special 
role of basic research, and the need for suppor- 
ting it. Some respondents, both from univer- 
sities and industry, suggested that the univer- 
sities are thebest place for basic research, while' 
applied research and development should be the 
special responsibility of industry, Industry 
respondents sometimes asked for tax write-off 
and other dollar incentives that would alleviate 
Ihe (jxpense of basic research. The reasoning 
was thai such rcjsearch carries a high risk. It is 
not guaranlecid lo benefil Ihe company that 



performs it, while it may benefit some other 
company or some other sector. Hence there is 
reason for the public, through Government 
funding, to bear some of the cost. 

The second great issue is overregulation of 
research by government. This too was widely 
reported. With this issue, however, there was 
more diversity from sector to sector. Thus the 
problem of government demands for account- 
ability in the use of government-provided 
research funds was felt especially in univer- 
sities and Government laboratories. From these 
sectors came requests for more flexibility in the 
way funds could be used, and less red tape in the 
process of applying for funds and accounting 
for their use. Concern about the constraints 
imposed by policy-based regulations was 
universal. There were some suggestions that a 



broad study should be undertaken to determine 
the cumulative cost of complying with 
regulations, particularly at universities. In 
some instances FFRDC's wished that fewer 
specific constraints might be imposed on their 
activities by the Department of Defense, 

Industry felt particular concern about Federal 
regulations. Some statements of this concern 
reflected the particular product line of an 
individual company. However, there was a 
broadly expressed desire to see more favorable 
patent legislation, tax incentives, or the 
possibility of relaxing antitrust regulations so 
as to allow competing companies to pool some of 
their research efforts. These measures were 
proposed not only to remedy instances of 
overregulation, but also to create positive 
incentives for doing basic research. 
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CONFIDENCE IN 

SCIENCE AND TECHNOLOGY 



The subjects discussed in the three preceding chapters, funding, freedom, 
and the vitality of the research enterprise, are all internal to the research 
system itself. The fourth subject is different; it has to do with the way in 
which persons outside the research system regard that system. As many 
respondents see it, in recent years both the public and government have lost 
confidence in research and those who perform it, and therefore are less willing 
to provide the support Ihr 'equire. In fact, nearly all the problems that the 
respondents reported, ana . aich the preceding chapters have discussed, were 
thought to be due, at least in part, to this change in attitude toward science and 
technology. Therefore, this becomes quite a fundamental concern. 

This chapter is divided into two parts. Part I presents the views of the 
respondents, and is much the same as the preceding chapters. It discusses 
separately the loss of confidence on the part of the public and on the part of 
government, as the respondents see it, and attempts to bring out the relation 
between the two. Some of the explanations that were offered for this change in 
attitude are also shown, as well as some of its consequences. Another section 
discusses tlie remedy most often suggested for this problem, an educational 
program undertaken by the scientific community in order to communicate 
better with the public and government and convince them of the value of basic 
research. 

Part II gives a summary presentation of the results of recent opinion 
surveys concerned with the public's attitudes toward science and technology. 
The purpose of this is to show what other information is available on the 
question of whether a recent loss of public confidence hns occurred. The 
complexity of the public's attitudes in this area and the limitations in the 
available data are also brought out. 
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PART I.— VIEWS OF THE RESPONDENTS 



PUBLIC CONFIDENCE 

This problem was perceived in all four 
sectors. For example, a succinct statement was 
provided by Stanley J, Lawwill, President of 
Analyt ic Services, Inc. (an FFRDC sponsored by 
the Department of Defense). He emphasizes the 
importance of public confidence in science and. 
technology to this Nation's position in the 
world: 

The number one problem which I see facing 
fundamental (long term, basic) research in the 
near future is the poor, and deteriorating, 
National attitude toward science and technology. 
Until this trend is reversed, I see little prospect for 
the United States' regaining the dominant posi- 
tion It once held in the discovery of scientific 
knowledge and in the development and applica- 
tion of technology. 

A very similar view was expressed by A, S. 
Gregory, Director of Central Research and 
Development at Weyerhaeuser Company, He 
was nspocially concerned about the future of 
American technology: 

The number one problem is society's attitude 
regarding the importance of scientific and 
technological advances. Recently, it has 
become a popular game of th^uninformed to 
state that we have all the science and technology 
we need and that many of our current problems 
stem from past technological advances, A signifi- 
cant sector of society does not seem to realize 
that many of the things that give us our preferred 
quality of life are possible because of technology. 

It is true that wemay need to refocusoui joalsfor 
technology, but I see a need for more technology 
and not less If we are to meet our challenge of the 
future. 

From Washington State University, President 
Glenn Terrell wrote of an effect of negalive 
public attitudes on the support of research: 

It occurs to me that perhaps the most significant 
issue institutional managers and policy deter- 
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miners face so far as the future of research is 
concerned is the general attitude that prevails in 
our nation today about the importance of the 
research enterprise, itself. Research is expensive; 
money is in scarcer supply than has been 
previously the case; there is a surplus of scientists 
in some disciplines; this gives a combination of 
factors which has resulted in the development of 
a general public attitude which is not conducive 
to overall support for research. 

In the past, according to President Terrell, 
there was a high level of support for graduate 
education and research, and so researchers 
became accustomed to general public accept- 
ance of the importance of their work, Nov/ the 
very legitimacy of the research efforts of our 
universities is being questioned. University 
faculty seem to be falling short in their 
responsibility for pointing out the value to 
society, not only of applied research, but also of 
basic research, which is also badly needed for 
solving society's problems. 

Finally S. L. Fawcett, President of Baltelle 
Memorial Institute (an independent research 
institute) stated the problem in these terms: 

Most basic research is supported with public 
funds and must therefore be generally recogniz- 
ed as being in the public interest. It is not 
sufficient that an informed n^loorlly should 
recognize the value of basic research; unless the 
general public also recognizes that, there will be 
continuing pressures that will erode the program. 

Since the public doesn't really understand how 
advances in scientific knowledge obtained from 
basic research lead to Improvements in curability 
to solve real world problems and thus benefit 
them, they are apt to believe (from reading about 
the projects that are brought to their attention 
through the news media) that basic research Is a 
waste of their money. Unless the true story can be 
brought to the public in a convincinq way, I 
expect the Nation's basic research program to be 
eroded. 
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Consequently, I believe it necessary to find a way 
to educate the public in such a way that they 
understand how basic research plays an impor- 
tant role in improving our country's technical, 
economic, and social well-being. 

In comparison with other issues, the public 
allilude lovvhrd science and technology was 
generally rtjgarded as important by university 
presidents and vice presidents, as Table E-1 of 
the Appendix shows. In particular, it ranked 
third among the presidents and vice presidents 
(combined) from Carnegie Research Univer- 
sities II. It also ranked third among deparlmenl 
chairmen in the mathematical sciences and fifth 
in the life sciences. 

In industry, low public confidence in science 
and technology ranked fourth among all 
respondents, and third among vice presidents 
and directors of research and development, as 
can be st in from Table E-2. 

In the Government research sector, similarly, 
meeting public demand for justification of basic 
research programs with respect to mission was 
the seventh most frecjuenlly mentioned issue. 
This is shown on Table E-3. 

NEED FOR 

AN EDUCATION PROGRAM 

The last writer quoted above recomnKJncled a 
program to convince the public of the vaUu» of 
restiarch. This rtMiominendation, or lh(j parallel 
rticoinnuMidat ion of improvtid communication 
belwe(Mi HcitMicti and governmtMit, was macUi l)y 
somt) respondtints from each sector. 11 was 
prominently mentioned by rtispondtMils from 
independent reseai'ch institutes, many of whom 
saw a nv.v.il for an a(lf:c|uate jnslification of 
r(»s(»ar(;h, in the Cov(M*nment laboratories also, 
many of llie respondcmts ttMided to vitnv tlu» 
basic problem as nnv. of communication: s{:i(Mi- 
lists hav(? not biuMi (dieclivt} in comnnmicating, 
either to Goviirnmenl officials or the gtmeral 
public, a real understanding and appr(M:inlion of 
the valu(i of basic research— or i)\'V.n of the 
pnltMitiid of appli(;(l research and lochnology, 



As one Federal laboratory director staled 
simply, ''A true appreciation for fundamental 
research in the mind of the non-scientist seems 
most difficult to achieve." Nevertheless, some 
respondents, like Robert K. Whitford, Acting 
Director of the Deparlmenl of Transportation's 
Transportation Systems Center and Michael I. 
Vaccaro, Associate Deputy Director of NASA's 
Goddard Space Flight Center, exhorted scien- 
tists to try to achieve such an appreciation by 
speaking out. 

Whitford fell that: 

The central role of R&D in developing scientific 
understanding of the problems facing our nation 
and in developing insights concerning probable 
solutions is poody understood even within the 
R&D community itself. Efforts of the R&D 
community must address the problems of 
developing the basic understanding and com- 
municating its nature and implications in the 
context of a sound, scientific societal value 
system. We must realize and communicate 
effectively the fact that research itself is a prime 
means of establishing the human societal value 
system we all seek. And government must ensure 
the success of this. 

Vaccaro expressed himself this way: 

The more imporlantproblem isthatof achieving a 
continued public acceptance of the validity of the 
requirement for fundamental research. A sub- 
stantial part of this problem lies in the establish- 
ment of useful communications channels 
between the scientific and academic com- 
munities on the one hand and the general public 
on the other. 

CONFIDENCE ON 

THE PART OF GOVERNMENT 

in addition lo public attitudes toward science 
and technology, many respondents were es- 
p(M;ially (;onc(jrned about attiludtJS held within 
goviHMimenl, whether Stattj or Federal. For 
example, William Montagnji, Director of the 
Ortigon l<(^gion(d Primaltj l^tisearch C(Hiter (an 
in(Ujp(}nd(Mit rtisiiarch instilutt!) f(jll [hat basic 
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research, though its products are not marketed 
in the usual way, does have a price. That price 
will be paid only if the climate of opinion favors 
it, and this requires leadership from theFederal 
Government. If leadership is indifferent to 
science or against it, or if it misuses science to 
Ihe delrimenl of the public, then science 
becomes ineffective and ultimately the people 
are impoverished. 

The university sector produced many 

statements of concern about attitudes held 
within government. This was the fourth-ranked 
issue among presidents and vice presidents 
(combined) of Carnegie Research Universities 
II. and also among all university presidents. 
Robert MacVicar, President of Oregon State 
University, mentioned especially the staff 
members of certain Congressional committees 
and the Executive Office of the President: 

As a chief executive officer of a university, it 
would seem to me that the first concern that I 
would have about the health r>f short-term 
fundamental or basic research is a growing 
antagonism on the part of those in the Federal 
Government who should be most supportive of it. 
I speak specifically of the Executive Office of the 
President and of certain critical Congressional 
committees, the staff members of which must 
clearly be aware of the importance of basic 
research to the long-term well-being of science 
and indeed the long-term well-being of the United 
States. Nonetheless, as you are fully aware, both 
the Executive Office of the President and certain 
key Congressional committees have been very 
critical of the National Science Foundation, the 
National Institutes of Health and other federal 
funding agencies for their support of certain 
types of basic research. 1 do not think that it is 
enough to chalk this up as some kind of 
temporary aberration of anti-intellectualism, but 
rather that it should be confronted for what it 
appears to me to be; and that is, a very serious 
breach of confidence between those who must 
support basic science in the United States and the 
scientific community. 

Alexander Heard, Chancellor of Vanderbill 
Universily, also mentioncid Stale legislatures: 
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Anti-intellectual sentiments have been growing in 
the country, in my view heavily spurred by 
campus conduct during the time of troubles 
beginning in 1964. The ramifications are exten- 
sive. Recent attacks on National Science Founda- 
tion procedures for awarding research grant 
support are, in my judgment, a manifestation of 
this skepticism toward Intellectuals, universities, 
and their faculties. Attitudes in state legislatures 
can lead to actions unsympathetic to fundamen- 
tal research that are both quicker and surer. 

From the University of Cincinnati, Frank R. 
Tepe, Jr., the Assistant University Dean for 
Graduate Education and Research, had this to 
say about a lack of understanding on the part of 
the public and Congress: 

It is our feeling that the lack of understanding on 
the part of the American public, and in particular 
the majority of the members of Congress, of the 
significance of basic research is the number one 
problem now facing long-term, basic research. In 
this age of relevance and immediate return for an 
investment, the public is not anxious to support 
the funding of projects whose possible payoff 
cannot be well documented prior to the initiation 
of the project. Because of this attitude the funding 
for basic research and the importance placed on 
it is decreasing. We would encourage the idea 
that a program of education, perhaps coor- 
dinated by the National Science Foundation or 
the National Academy of Sciences, be initiated to 
better educate the public on the long-term 
benefits and possible far reaching applications of 
fundamental research. 

Thus he alscj recommends here a program of 
education directed toward the public. 

Finally, A. M. Cormack, Chairmau of the 
Physics Department at Tufts University, found 
some negative attitudes toward research within 
the university itself, as well as in the public and 
government. He also defends the value of basic 
rcjseareh: 

There is one problem for the near and distant 
future which, to my mind, so transcends all others 
that it is the only one I shall mention. This is the 
erosion of the traditional view of what the 
function of a university is. I see this in the 
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population at large, in many of their elected 
representatives, in many federal and state 
bureaucrats (even in the National Science 
Foundation), anu, alas, in many university 
• administrators and students. What I call the 

• traditional view is as follows. A university is a 
place where scholars congregate to pursue freely 
the intellectual problems which interest them. In 
return for this freedom the scholars pass on their 
knowledge to, and stimulaie the intellects of their 

; students. 

This view does not imply that professors wilt pay 
no attention to the problems of the real world. 
Some will not, but others will, because many of 
the problems of the real world are great 
challenges to the mind. History is replete with 
examples, from Archimedes on, of people who 
have made contributions to both the problems of 
the real world and "ivory tower" problems. 
History is also replete with examples of an "ivory 
tower" idea becoming, for better or for worse (and 
usually it is some of both) of immense concern to 
mankind at some later time. 

Nor does this view imply that teaching will be 
either highly specialized or sloppy or both, 
Professors should pay for the freedom to think by 
teaching well for both the specialist or the 
:ieneralist. 

Many of my colleagues and I feel that the people 
named in my [first] paragraph have, each in their 
own way, demanded that we explicitly 
demonstrate in our work innovations, relevance, 
concern for Interdisciplinary matters and so on to 
an extent that we have lost much of what is most 
valuable in solving any problem—time to think. 

CAUSES OF 

DIMINISHED CONFIDENCE 

One of thd bnuulost stalonionls of tho wholo 
subjnct of cliniinisliotl conficlence in scicHico antl 
teclinnlo^y cnmn from n social psydhologisl, 
Joseph E. McGrath, who is Head of the Depart- 
ment (if Psychology at the University of II lino is- 
Urbana, His letter will be quoted at lenj.|th. In it, 
heeniphasi/es the ways in which he helieves the 
problem arose: 

It seems to me incontestable that, during the last 5 
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to 10 years, there has been a marked erosion in 
the attitudinal support of basic research- 
especially research in social science — 
throughout the nation. This erosion has been 
reflected in congressional inquiry and comment; 
in federal executive department modifications of 
support for research activities; and in comment 
and critiqi'9 in the media and in various public 
forums. 'i.jUS the problem has had political, 
administrative and, above all, attitudinal impact. 

To illustrate this, he offers some instances in 
which he believes members of Congress have 
attacked specific research programs funded by 
NSF, or. have tried to hamper the peer review 
process, Other examples he gives are the heavy 
emphasis in recent years on "immediate" 
solutions to "relevant" problems^ the trend 
toward massive efforts on single-focus 
programs, and the increasingly complex and 
bureaucratized procedures required in the 
conduct of research with human subjects, He 
goes on to say: 

Atasomewhatbroader level, 1 seeall of these, and 
other specific examples, as being manifestations 
of a strong and growing anti-intellectualism. a 
major component of which is an anl>?cience 
attitude, with an especially strong anti-soclal- 
sciences aspect, I see this as a broad public 
reaction to a great many events of the past 10 
years: 

a. reactions to the campus unrest in the late 
60's and 70's; 

b. reactions by people both for and against 
"affirmative action" efforts of universities on 
behalf of women and minority group 
members; 

c, reaction to the declining (if not collapsing) 
job market for persons with collegedegrees 
and post-graduate degrees; 

d, reactions to the really spectacular gains in 
prestige (and somewhat Jn. wealth) by the 
academic community in general during the 
1960's, It is also a part of a broader reaction 
against "establishment" institutions— an 
anti-elitist and anti-establishment force— in 
which scientists share with politicians, 
physicians, attorneys, corporation ex- 
ecutives, labor leaders, bureaucrats, and 
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even clergymen, in an enormous loss of 
public confidence. And, we must recognize, 
it is in part a reaction to unfulfilled 
"promises"— of all sciences, but perhaps 
especially of the social sciences. 

McGralh further suggests th^it scientists 
themselves are to blame for much of this 
problem, in that the very operation of the 
research-support and research-publication 
enterprises has 10 some degree encouraged 
scientists to promise benefits that they could 
not realistically expect to deliver. A scientist is 
almost forced to make such claims if he is to gel 
research support or even get recognition for his 
results. But beyond this there seems to be a k ind 
of naivete among many scientists that leads 
them to believe that their science really can 
solve any problem, given enough lime, money, 
and effort. He then adds: 

At the same time, while there is a reaction to 
"promises not fulfilled," there is also a reaction to 
the "threat" of actual accomplishment of some 
seemingly ihiplied aims. Most notable, in this 
regard. Is the strong negative reaction to use of 
behavior modification and related techniques 
("mind control" and "brairmashing"). In my view, 
the reactions are far in excess of legitimate 
concerns. In any case, we are losing confidence 
both for results we have not and cannot deliver, 
and for results we seemingly can (and might) 
"deliver," 

McGrath's discussion brings out the way in 
which he felt diminished public confidence lias 
led to detrimenlal government actions such as 
the pressure for applied research, and 
ovorregulation. He also recommended some 
possible solutions: For one thing, we can and 
should train our scientists better with regard lo 
both the logical and ethical limitations of their 
disciplines, Beyond thai, ho could only propose 
'•belter public education about sciences"— that 
is. belter public rolalions, Bui one important 
part of that might be the development of good 
high school, junior college, and introductory- 
level coll(ige coiu'ses in the sciences. 
A similar description of the sociid origins of 
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this problem came from Dfixter P. Cooper, Jr., 
Vice President of Bell & Howell: 

Atomic fission brought science from the obscuri- 
ty of the university laboratory into the forefront of 
American consciousness. With this sudden fame 
came the feeling that given enough support, 
technology could conquer all of mankind's 
problems. The opinions of scientists were widely 
sought and highly regarded. The period from 
nineteen-fifty to the mid-sixties saw industry 
erecting opulent research centers while govern- 
ment funding for basic research seemed an 
endless cornucopia. The information explosion 
in scientific journals is dramatic evidence of the 
impetus that science received in this period. 

During the sixties there came an increasing 
awareness that science not only was falling to 
solve many of our problems but that the in- 
discriminate use of technology was contributing 
to them. The rise of environmentalism has been 
accompanied by doubts as to the value of science 
in our society. More and more there was 
expressed the desire to return to a simpler 
unpolluted life. The recession of the seventies has 
added economic pressures to the social malaise 
and one nov.- hears demands for drastic reduction 
of government support for research. It may not be 
too extreme to say that in three decades the 
scientist has gone from the role of hero to villain 
in our society. 

'I'hus Cooper contrasts the present with the 
past, and suggests that the change in public 
atlitucie leads to demands for a reduction in 
government support for research, 

Robert G. Sachs, Director of Argonne Na- 
tional baboratory (an FFRDC), placed dimin- 
ished confidencii in science and technology 
within Ihe context of a broader change in public 
altitude: 

All of us are aware ot an unfortunate erosion of 
the intellectual climate in this country, and the 
attitude toward basic research is just one aspect 
of this. It seems to me that the next few years will 
be a critical time to try to restore a climate In 
which a rational and scientific approach to 
problems again becomes a way of life. 

In some cas(^s, the public's (liminl.^hed con- 
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fidence in science was blamed on Iho influoncMJ 
of the media. For example, Richard A, 
Greenberg, Vice President, Research i.ind 
Development of Swift & Company stated thtit: 

The primary problem Is an increasing expression 
of distrust by the average citizen regarding the 
true benefits of technological advancement and 
the motives of the scientific community. This 
distrust has been vocalized not only by consumer 
activists who are questioning the entire fabric of 
American society, but also by scientists who 
express publicly their fears of potential harmful 
effects from new technology. The press supplies 
a ready platform for both factions. As a conse- 
quence, the public has been subjected to an 
almost constant barrage of anti-science verbiage, 

Similarly, C, |. Meechan, Vice President, 
Research and Engineering, of Rockwell Inter- 
national said: 

There is an apparent decreasing general public 
confidence in research scientists and an 
associated poor image of basic research efforts. 

This problem appears at least partially created by 
the lack of general public understanding of the 
sophisticated, complex, abstract and seemingly 
remote scientific issues. It may also be ex- 
aggerated by somewhat unbalanced and unin- 
formed reporting of scientific activities by the 
mass media. If trends continue, it could result in a 
near complete lack of general public support for 
basic research and a slipping of the research 
scientist into a position of irrelevancy. Continued 
trends in this direction have not only the effect of 
reducing financial support, but they reduce the 
prestige of the profession. This may discourage 
bright, young students from entering a scientific 
<-areer. 

EFFECTS OF 

DIMINISHED CONFIDENCE 

The pree(jding quotation also suggests lhal 
the publics negative rilliluchj may reduce Ihe 
number of young pcjople entering careers in the 
sciences. Thus one of Ihe main issuiis discussed 
in Chnpler 4 cnn be traced lo the pr(»s(ml issue of 
public attitudes. Th(i same position was taken 
l3y Harvey 13. Wiiiard, Vic(j Provost and Divan of 



Science at Case Western Reserve University, 
who felt that one of the two most important 
issues facing fundRmenta! research in the near 
future is: 

the overall climate in this country which has 
resulted in discouraging a significant number of 
our very best young people from entering careers 
in science. . . . 

[This] problem is complexly related to the 
negative attitudes generated by the Viet Nam War 
and Watergate, to concerns about pollution and 
environment, and to the state of the nation's 
economy. Our young people have questioned 
past practices in most of the established in- 
stitutions and science has not escaped from their 
critical eyes. While there are also positive 
benefits, such as making us all more responsible, 
the net effect has contributed to the reduction in 
numbers of our very best young people choosing 
science as a lifetime career. Other fields also 
require outstanding people in order to flourish, 
but it Is most unfortunate that more of those with 
high aptitude for science do not enter the field. 

Other university respondents indicated ad- 
ditional problems that they attributed lu 
negativ(! attitudes on the part of the public. 
George K. Davis, Director of Sponsored 
Research at the University of Florida, pointed to 
a pressure to do teaching rather than research, 
and difficulties related to research support, 
tdlocation of personn(.'l, attracting capable 
young p(jople, nnd a retreat of some in- 
vestigators to safer fields: 

It appears to me that a primary problem is the 
public misunderstanding of the role of fundamen- 
tal research in our society. Symptoms of this 
appear in demands of legislators that university 
staff put more time into teaching and less in 
research "frills." The so-called Bauman amend- 
ment Is an evidence of such misunderstanding. 
There is respect for the accomplishments of 
science but an attitude that what we need now is 
rapid transfer of existing knowledge. 

This misunderstanding of the role and function of 
fundamental research pervades many levels of 
society and, in turn, results in serious roadblocks 
in terms of support, allocation of personnel, 
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attraction of capable young people and, because 
of the ridicule that is often unjustly leveled at 
investigators carrying on basic research, a retreat 
of many to "safer" fields of endeavor. One aspect 
of this has been addressed by Benjamin S. P. 
Shen (Science Literacy. American Scientist 63: 
265 (1975)) but the issue is far more critical. There 
is need not only to understand the potential 
applications of science and technology but a 
more realistic appreciation of the way in which 
fundamental research makes its advances and 
contributions. 

Albert Somit, Executive Vice President of the 
Slate University of New York at Buffalo, 
pointed to two more consequences: diminished 
support for graduate students and instability of 
funding: 

The misunderstanding of the nature of basic 
research reflected in the Congressional debate 
on NSF has the potential of destroying a favorable 
milieu for scientific and technical research, of 
extreme value to the nation, which has taken 
more than a quarter-century to develop. The 
failure to understand that basic research is 
fundamentally of indeterminate outcome, and for 
that reason uniquely capable of providing the 
information with which unforeseen societal 
problems will be solved, is especially disturbing. 
The effect on the NSF budget, and on the relative 
amount of all Federally supported basic research, 
is better known to you than me. But the effect on 
our campus has been to curtail very promising 
research growth. 

There are two areas where this has been 
particularly felt. First, graduate student support. 
With the decline of NSF (and other Federally 
supported) fellowships, it has been necessary to 
turn to other means of student support. As a 
consequence, the number of supported students 
has sharply decreased; our resources justwill not 
stretch. We do not know how many able students 
have decided not to enter the demanding 
programs in science and technology because 
they cannot anticipate sufficient support during 
their studies, but we do know the difficulties 
under which our students labor when they must 
support themselver. while working toward a 
degree. 

Second, we have encountered increasing difficul- 
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ty in planning our research programs because of 
the recent discontinuous nature of NSF support. 

Finally, James O. Davis, Chairman of the 
Department of Physiology at the University of 
Missouri-Columbia blamed the lack of com- 
munication between the scientific community, 
on the one hand, and the public and government, 
on the other, for problems like the increased 
demand for accountability and for applied 
rather than basic research. He compared the 
present with a happier situation in the past, in 
particular with former policies of the National 
Institutes of Health. 
The firstmajorproblem might beclassified as one 
of lack of communication or understanding of the 
importance of research by people at all levels of 
endeavor. These include the American public, 
university administrators and both national and 
State legislators. This has been evident for 
several years as we have seen a general shrinkage 
of available funds from funding agencies such as 
the National Science Foundation and the 
National Institutes of Health, There has been an 
increasing demand by the American public for 
accountability in the use of funds and this 
message has been passed on and implemented 
by our National Congress and the Federal 
Administration. To a certain extent, this has been 
a fault of the scientific community in that they 
have simply failed to take time out of their busy 
research and teaching programs to inform these 
various groups. One of the classic examples of 
the importance of basic research in medicine is 
illustrated by what happened at the National 
Institutes of Health from 1949 untU 1966 underthe 
leadership of Dr. James Shannon. Over these 
years which have frequently been referred to as 
the "Golden Era of American Research" Shannon 
was able to convince Congress of the importance 
of basic research and to get an increasing amount 
of support. Clearly, it was because of this era with 
almost two decades of intensive research and 
numerous discoveries that we are now able to use . 
this information and provide much better health 
care for the American people. Nevertheless, we 
see that several levels of American society from 
the American public to Congress and in some 
cases to the Office of the President lack an 
understanding of the need and importance of 
fundamental research, and there are continued 
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efforts to push applied research which has an 
Immediate practical application. 

SUMMARY (Part I) 

The main conclusion that can be drawn from 
the preceding discussion is that there is 
considerable anxiety in the research community 
over what they regard as a decline in the 
public's confidence in science and scientists. 
This decline is believed to be responsible for 
certain unfavorable attitudes within govern- 
ment, at both theState and Federal levels. These 
attitudes in turn lead to actions by government 
that nre detrimental to research. In the eyes of 
the respondents, this is at least part of the 
explanation for the many individual problems 
■facing research in the near future. 

Some respondents offered reasons for the 



decline they perceived in public confidence. 
Very broadly, there seems to have been a 
growing anti-intellectualism in American socie- 
ty over the last 5 or 10 years. There has also, 
allegedly, been a loss in public confidence in 
^^establishment" institutions generally. Science 
has been affected by both of these develop- 
ments. Some respondents attributed a decline in 
public confidence to a failure of science to live 
up to its promises. There is also a feeling that 
the public perceives science more and more as a 
positive threat. 

There was widespread agreement that the 
public does not adequately understand science 
or appreciate its importance. Accordingly, the 
respondents saw an urgent need for improved 
communication between the scientific com- 
munity and the public, and even for a program 
of education directed to the public. 
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PART ll.-SURVEY DATA ON PUBLIC ATTITUDES 



Pari I has poinled oul Ihe significant and 
interesting fad thai, al this moment in its 
history, the research c:ommunity is deeply 
concerned about a loss of public confidence in 
science and technology. There is also a 
widespread feeling that this loss of public 
confidenco is behind many of the specific 
problems that the research community finds it 
is having. Since this issue is so important, it 
would be valuable to see what other informa- 
tion can be obtained on the public's attitudes 
toward science and technology. As it happens, a 
certain number ^if public surveys have been 
taken on this subject. Part 11, therefore, will give 
a summary of their results. 

The National Science Board has already 
considered this subject to a lesser extent in two 
previous reports. Both Science Indicators 1972 
and Science Indicators 1974 contain chapters on 
"Public Attitudes toward Science and 
Technology." 

in the following discussion, the Science 
Indicotors results will be considered first, and 
will serve as a point of comparison with the 
other studies. Where possible, use will be made 
of cumulative papers which attempt to sum- 
marize the surveys that have been taken in this 
area. FMone of these summaries is entirely 
complete and up-to-date, and therefore some 
papers reporting smtji:^ surveys will have to be 
discussed also. 

Some small-scale or tangentially relevant 
surveys have been omitted, but the present 
review does cover all the recent and major 
studies that were available al the lime of 
writing, and should give an accurate picture of 
Ihe present slate of knowledge. For the sake 
l)r(»vily, and because lh(i attitudes of ili'.: 
AuKirican public are the concern of this chaptei', 
only surveys taken in the United Stales will be 
considered. 
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Since this is a summary, it will not be possible 
to treat any one study in full detail. A selection 
will be made to show the kind of questions that 
have been asked and the distinctions that have 
been introduced. Emphasis will be placed on 
those questions that are comparable from one 
survey to another. There will also be an 
emphasis on the data that the sources provide 
rather than on their interpretations and con- 
clusions. For the materials omitted, and es- 
pecially for important details of methodology, 
one must of course refer to the original papers. 



SCIENCE INDICATORS 1972 AND 7974 

The Science Indicatorssurvey was first taken 
by the Opinion Research Corporation in 1972 
and virtually the same survey was repeated in 
1974, There was very little difference between 
the results of the two studies, in one question, 
the respondents were asked to rate each of nine 
professions in terms of the "prestige or general 
standing that each job has". Scientists ranked 
second, surpassed only by physicians, in both 
years. Results from another source^ showed 
that this had also been the case in 1947 and 1963, 
Engineers ranked 3,5 in 1972 and 3 in 1974, but 
only 7 in 1947 and 6 in 1963, The implication 
seems to be that scientists have maintained a 
high standing throughout this period, in com- 
parison with most other professionals, while 
engineers have actually gained in relative 
prest ige. 

All the remaining nuestions had lo do with 
science and lechnc it , v as such. A sizeable 
majority (70 percent ii-" /j72 and 75 percent in 
1974) believed that science and technology have 
changed life for the belter, while a small 



' K. W. I!(Ml«r, !t ill. '*()fM;ii|)nli()n}il Pmnti^r in iIm; llnitud 
Sliitr!s, iil^rvJ)/. ' Aiiir.rir.ini jnitnuil of S<»«.i«>l<njV. Vol. 70, 



86 



majorily [M and 57 peroenl) believfjd thai Ihcy 
have clone more good than harm.- 

The pace of change prodiicecl by science and 
technology was viewed as '*aboul righl" by 
some 50 percent of the public in both years, 
while approximately 20 percent considered the 
pace *'loo fast". About half thought that science 
and technology will eventually solve some of 
our problems. In 1972, 30 perctMit thouglii that 
they will solve most of our problems; in 1974, 
this figure dropped to 23 percent. However, on 
the whole, thes( figures seem to show that the 
public's altitudes toward science and 
technology are favorable. 

Some results were loss favorrible. For exam- 
ple, although almost half of the respondents felt 
that the degr(;e of control that society has over 
scienc^e and technology should remain as it is 
now, 28 percent wished control to be increased. 
(Only 7 or 8 percent wanted it decreased.) 
Slightly more than half of the respondents 
thought that science and technology have 
caused at least some of our problems. Thus 
there seems to be some perception of possible 
dangers from science and technology and 
therefore of a need to control them. 

Of all the good thiii;^;.^ that science? and 
technology have done, in the minds of the 
public, "medical a(i\ ances" by far lead the list. 
'*Impr(jving health care" is also the Uiading area 
in which the; public would like to see their taxes 
spent for science; and technology. The other 
leading areas are equally practical. *'Disc(Jver- 
ing new basic knowledge about man and 
nature" is far down on the list along with "space 
exploration," This would suggest that the 
public is not strongly interested in supporting 
research that is not intcmded to hiwc practical 
results. 

Attitudes toward science and techn(dogy 
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were more favorable among the more highly 
educated of the; population sample and those 
with higher incomes. The young respondents 
(18-29 years of age) gave answers similar to 
those of the total sample. They rated "scien- 
tists" significantly higher in prestige than did 
the total sample, but a somewhat larger 
percentage of them felt that science and 
technology have caused some of our problems. 

These and the other results of the Scienc(; 
/iidif.'utors surveys are quite valuable, but ihey 
still leave important questions unanswered. For 
one thing, they consider science and technology 
together, whereas it would be very interesting 
to know whether the public regards the two 
differently. Again, the public's evnluulion of 
science and technology needs to be related to its 
(/iVfjreiK.'ss and understanding of them. An 
iriiportant distinction must also b(; made 
between science (or technology) itself and those 
who practice it. The public may not have the 
same attitude toward both, Scien(;(? /Jidicutors 
did not fully explore this distinction. Finally, if 
one is considering public attitudes, one must 
ask wliicli public. The total public can be 
divided into many subpublics. In Part I of this 
chapter some respondents suggested that public 
attitudes influence attitudes and actions of 
government. To understand this argument it is 
important to distinguish various publics that 
may impinge on gtjvernment differently. 
S(.'i(.'nc(; Indivuiors made some important 
demographic breakdowns, but left much more 
to bo done. 

For these reasons, th(; rest of this chapter will 
explore other studies, both earlier and later than 
Sv.H'.mx fndicnfors. In som(; cases, these can 
usefully be compared with the Scie/ice In- 
di(;(;lor.s (hda. 



FUNKHOUSER 

A iii;Mor effort to synthesi/.e survey data on 
tlii,s subj(!(:t appciared in a pajMM' "Public 
Understanding of Science: the Data W(; Have." 
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by G. Ray Funkhousm- of The Pnnnsy Ivnniii 
Slalu University.-' 

Funkhouser observes thai "In spile ai' the 
importance of st:ient:e and technology til every 
level of society-^from daily living to the 
philosophical underpinnings of our culture- 
data on what the, public knows, underslrinds 
and feels about science and technology are 
embarrassingly scarce."^ Before enumerating 
those data, he makes some interesting distinc- 
t ions between differcmt relevant "publics". He is 
concerned that spokesmen for science may tend 
10 address themselves to a "public" that they 
conceive as being much like themselves. From a 
broatl collection of data he argues that the 
public at large is much less affluent, not nearly 
as well educated, and somewhat less politically 
liberal than the academic-professional "con- 
cerned citizens" with whom scientists are most 
at .home, it is also far more numerous. 

The audiences for the different information 
media make up a particular type of "public," 
that is easily subdivided according to the great 
variety of these media. For example, different 
magazines have widely different readerships. 
Workers in the news media constitute a 
separate public, and what they say in these 
media, according to Funkhouser, is not 
necessarily an accurate reflection of the m- 
lerests and attitudes of the public at large. 
Legislative bodies and government agencies are 
extremely important "publics." Though our 
response letters frequently stated that the 
actions of government with regard to science 
spring from attitudes held by the general public, 
Funkhouser disagrees with that position. He 
sees many other influences on their actions, 
such as pressure groups, political supporters, 
self-interests, and the facts of the mat ler, which 
may be more important in a particular cas(J. 
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Another significant public that he identifies 
is the "intellectual elite," a self-defined set of 
people, numbering a few hundred, who 
tlominate the Nation s intellectual journals and 
are recognized by each other. Few scientists are 
among them. They are unrepresentative of the 
public in political orientation and in some other 
respects. They are likely to have influence with 
the media and upon political decisionmakers 
and political activists, according to 
Funkhouser. He feels that materials primarily 
aimed at this small group have been construed 
as "public discussion", while some of their 
opinions may have been interpreted as evidence 
of a "public disaffection with science." 

Finally, the scientific community isa"public" 
in its own right. Even here, a distinction must be 
recognized between academic scientists and 
engineers and those whu work elsewhere. 

While :hese distinctions between difierent 
"publics" are important and potentially useful, 
actual surveys do not use them. Usually they 
attempt to sample the broad American public, 
and perhaps analyze that public along 
demographic lines. 

The next subject that Funkhouser discusses is 
the public's understanding of science. Revie:w- 
ing material that goes back as far as 193b, he 
finds that no adequate measurement of general 
public science knowledge has ever been 
attempted, but that the few measures that have 
been taken nationally suggest that the general 
public does not know many facts about science. 

Concerning the publics attitude toward or 
evaluation of science. Funkhouser reports an 
extensive study laken by the Survey Research 
Center (SRC) at the University of Michigan. The 
questions were a.sketl in 1957 and again in 1958, 
i.d., shorMy before and shortly after Sputnik. In 
both cases the public appeared to have a rather 
favorable view of science and also of scientists. 
(It is notable that no distinction was made 
between science and technology. Throughout 
his article. Funkhouser makes little eflort to 
separate the two.) I' or example, in 1958, 83 
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percent believed that the world is belt(M' off 
because} of sci(Mic(». This compares with the 
Sciancv. //jdicnfors rcisults presented abov(; (not 
included in Funkhouser's study) wliich show 
that most of the pubhc beheved in 1972 and 1974 
that science and technoh)gy have chanj^ed life 
for the belt(M'. Wliile some 40 perc(;nt of the 
respondents fell that scientists arc apt to be odd 
and pe<:idiar people, a majority of 88 percent 
believed that most scitmtists want to work on 
things that will make life better for the avera^^o 
person. Only 20 percent thought that scientists 
a!'(} mainly inter(;sttjd in knovvledt4e for its own 
sak(!, r(j^ardh»ss of its practical value. Hence, it 
appears that at that limci the public thou^^ht of 
science in practical terms and b(di(}ved that 
scientists lh(;ms(ilv(}s also thought of it that 
way. We r(jcall that Suiuncr. //u/icnf(^rs reported 
that in 1972 and 1974 the public was mainly 
interested in sci(mce for its practical riisults. 

In lh(} late I9()(Vs, at the lieit^ht of thcj student 
protests, VV(Jst C«nist cciUe^e students were 
found to hav(J attituchis Upward science almost 
as favorable as sehmtists had themselves. 
Beyond this, most data that Funkhouser found 
had to do witl'j '^^pcunfic, highly visible topics like. 
space exploration, computfu's, and (icology. 
From Sputnik to \\n) 1970's, the rtjsults would 
indicale a gcuierally favorabhj public attitude 
toward technology. On ecoh^gy, [hv. most 
prominent technological issue, FunkhouscM- 
finds that the public has a d(d initci, if suf^irficial 
and uncommitted. int(jrest in it and virtually no 
avvaren(iss of the scientific and tecfinological 
issues involved, in summary, his view is that no 
real effort has hac.n made to assess th(! public's 
altitude toward the sciences. 

ETZIONl AND NUNN 

This is anoth(M' comprehensivti study that 
cov(M's surv(;ys froiv d;, lat(} I95()'s to the 
197n's.' The authors ^ with the SRC .studies 
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of 1957. At that time most Amtjricans valued 
sci(Mic(} highly, mainly because they saw it as 
instrumcmtal in achieving goals they valued. 
About one person in ten thought that some 
scicmtific devidopments, such as armaments, 
were undesirable. Only one person in ten saw 
science as helpful or intcu-esting, and even f(}vver 
saw it as '*exciting." (By contrast, Scienct; 
/n(/i(;uf(;rs found 23 percent in 1972 and 22 
perccmt in 1974 expr(}ssing "excitement or 
vvond(M'" as their general reaction to science and 
l(!chnology. ) 

A later study discusscMl by Et/ioni and Nunn 
compared the SRC results with data collect (ul in 
1964 by the National Opinion Research Center 
(NORC). Th(; proportion of pe(;ple who thought 
that science breaks down people's idtias of right 
and wrong increased from 23 percent in 1957 all 
the way to 42 percent in 1904. Similarly, the 
proportion who agreed that science makers our 
way of life change too fast went up from 43 
percent in 1957 to 57 perctmt in 1964. The 
authors do not mentiona repetition of ess' niial- 
ly the same c)U(;stion by NORC in 1968, in which 
54 p(!rc(mt ansvver(ul in the affirmative,'' From 
these rcisults it would appear that Ibere was an 
incr(jas(; in tlu; public's scmsc; of threat from 
scicmce from 1957 to 1964, and that this feuding 
rtMuained about thtj same from 1964 to 1968, The; 
middle (iO's, of course, are th(; time when some of 
our hMter respondents suggesttMl that th(» public 
began to react against science. 

The foregoing data have to do with the; 
public's attitudtJ toward sci(Mict; (hut without 
distinguishing science; from tcjchtiology ), For 
further light, Ft/ioni and Nunn turn to surv(?y 
data on the public's attitudes toward scicuitists. 
in th(} hof)e that attitudes" toward the? prac- 
titioners of science may s(M've as an indirect 
m(nisur(i of altiludes Inward scitince itself. In 
1957 and 1958, SRC reported a positive public 
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allilude lowaril bolh sciGnce and scientists, as 
was already noted. Since 1966. either Louis 
Harris or NORC has periodically asked the 
queslion. ''Would you say that you have a ^reat 
deal, only some, or hardly any confidence in 
those people running the scientific communi- 
ty?" 1'his question, the authors note, may tap 
teelini^s about authority as well as about 
scientists as such. 

In 1966 those expressing a "yreat deal" oi 
confidence were ?>i^ percent of the total sample; 
in 197 1, 1972. and 1973, they were 32. 37, and 37 
percent, [in 1974 and 1975. the figures were 45 
and 3B iiercent. )' These figures do suggest some 
drop in public (confidence in scientists from 
1966 to 1971, which has essentially persisted up 
to 1975. On the other hand, those expressing 
"hardly any confidence" were never more than 
10 percent of the total. This would suggest that 
at least scientists have not drawn any great 
amount of positive mistrust. 

However, Etzioni alid Nunn go on to compare 
the percentage who expressed a great deal of 
confidence in scientists with the percentage for 
other professions. They find that in 1966 and 
1971 science ranked fifth, surpasscid by the? 
military and education, as well as by medicine 
and finance. In 1972 it was third, behind 
medicine and finance. But in 1973 only medicine 
ranked highcM-.^' (in 1974 the leaders of the 
scientific community ranked third;(in 1975 they 
ranked second.)*' The implication is clear: 
Though there may have been a decline in 
prestige by science leaders in absolute terms, 
this decline was shared by the other leaders to 
an evcm greater extent. Hence, in comparison 
with other professionals, scientific leaders 
actually gained in this period, according to this 
survey. 

In support of this conclusion, we may note the 
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Science /ndicntors results, which were alluded 
to above. In 1947, 1963, 1972, and 1974 the 
, ^^fession of scientist consistently ranked 
c.cond in prestige, (Medicine again was first,] 
This is not exactly the same as the result just 
(jiscussed, perhaps because the question asked 
was rather different. But still it seems clear that 
there has been no loss of prestige by scientists in 
comparison with other professionals and 
therefore, presumably, no relative decline in 
public confidence, 

Th(i data collected by Elzioni and Nunn which 
have been seen thus far seem to imply that the 
public's sense of a threat from science (and 
technology] has increased, especially from 1957 
to 1964, while the prestige of scientists as a 
professional group has gone down, especially 
from 1966 to 1971. In this sense, those 
respondents to the letter inquiry who were 
concerned about a public loss of confidence in 
science may have been correct. However, all 
available results seem to indicate that scientists 
have not lost prestige in comparison witli other 
prpfcjssjonals, and, between 1966 and 1975, may 
even have gained, 

Et/ioni and Nunn mention another signifi- 
cant, though complicating, laclor. Compared to 
all other institutions in 1973. science received 
the liiglKisf percentage of "don't knows" when 
the question of confidence was asked. This was 
also the case in 1974 and 1975.'" (This is 
consistent with Funkhouser's conclusion thai 
the public is not well informed about science,] 
Thus, the critical reader might wonder whether 
the high prestige that the public accords to 
scientists is based on any depth of understan- 
ding. It is conceivable that the public judges 
occupational prestige in a very superficial way. 

Like Science indiccjfors, Et/ioni and Nunn 
now analyze "the public" in terms of 
demographic categories. Secondary analysis of 
the 1973 NORC data shows that people from 18 
to 29 years old, those often believed to harbor 
strong anti-science sentiment, have more con- 
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fiden(:(} in tliostt who run science thtUi any oIIhm' 
age j^roii[), (However, (he diitii siiggost Ihcit 
education is more importiint [hnn i\gv. as a 
prefiielor of confitlence in scientists.) Accord in^ 
to Harris Poll tlata» gathered from a national 
samph; of college students in the spring of 1965, 
the scientific community was accorded more 
confidence than any other institution. In a 
national survey of youth in 1968» Yankelovich 
found that 88 percent of college students agreed 
that **the problem is not technology— it*s what 
society does with technology/' Those with low 
incomes or with low occupational prestige 
ratings vver(; found to have relatively low 
confidence in scientific loaders. These results 
are highly consistent with both Sr.ir.nai In- 
(iicator,s and Funkhouser. 

Finally, the authors point to complexities and 
inconsistencies in attitudes toward science and 
technoltjgy, oven within the same individual. 
Many people approve of science for its 
usefulness, but a much smaller number under- 
stand or appreciate it as a search for knowledge. 
In both groups, a significant minority feel 
highly threatened by science^' In the case of 
technology, it is not unusual to find the same 
person exprijssing both pvu- and anti- 
technology sentiments. These f:onsiderat ions 
suggest that much inovu information is n(;(;d(jd 
in this area, and much cart; must be tak(;n not to 
oversimi)liiy vvh(m interi)r(;ting public at- 
titudes. 

THE CALIFORNIA POLL 

In connection with" the public's ranking oi 
various professions, mtmtion shtjuld also b(; 
made of tlui California Poll, bas(;d on the 
population of that Stale, vvliich rj)und that 
"reseai'ch scitmtists" were the only group in 
which more than one-half of tlu; [jublic ex- 
presstMl a "lot of confidcjnce" in both 197:i and 
1975.'- In this case, scitmlists (jven rankf^l 
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aht;ad of physicians. On the other hand, in 
almost every case in which a statistically 
significant chang(; occurred between 1973 and 
1975 in the way the public regards a particular 
institution, that institution suffered a loss of 
public confidence. Thus one finds here the same 
loss of confitlence in institutions in general that 
Wfis recorded by Louis Harris and NORC, At ihe 
same time, scientists did very well in relative 
terms. 

AHLGREN AND WALBERG 

High school students are entitled to be 
considered a "public" in their own right. As was 
stated in Chapter 4, many respondents in our 
letter inquiry were concerned that these people 
are losing interest in science, so that thtjy wili 
not wish to enter this field and thereby keep up 
the supply of research personnel. It is in- 
teresting, therefort;, [a look at the studies that 
have been performed recently on the attitudes of 
adolescents. One such study was reported by 
AIhgren and WalbergJ-' 

Besides [irescmting their own work, these 
authors brifd'ly review the pre(:(!(ling studies in 
this area, beginning with the classic study by 
Mead and Melraux in 1957," ' Thtjrt; it was found 
that the scientist was perceived as being 
(issdntial to our national lih? for the wonders he 
can produce. On the other hand, though h(i is 
brilliant, h(; is indiffertmt both to th(; world 
outside his laboratory and to any personal re- 
lationships. His work is dull and monotonous, 
and so is he, Ahlgr(;n and Walberg, in their own 
survey, ask(?d 96 high srdiool physics students 
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to rale ench of night clilTurenl occupations. Their 
image of Ihti physicist was the most remote from 
their imaye oi' themselves. He was perceived as 
being very "important" and "mature", but very 
"unlViendly".'-' The biologist was perceived as 
being about midway between the physicist and 
the student himself, more "friendly" but less 
"iniportanl" and "mature". Data taken on 1,011 
students showed that high interest in physics 
correlated most strongly with the perception of 
it as beneficial or important, and least strongly 
with the perception ()f its being mathematical or 
technical. 'I'here was a negative correlation 
bet\vec?n such interest and the perceived dii- 
ficulty of physics. 

PURDUE OPINION POLL 

This is a 1975 survey of 2,000 high school 
sludimts throughout the Nation."' Many 
questions were asked in order to determine the 
alliluxles and other characteristics of students 
who choose careers in the scien{X's, in com- 
parison with o.hcr students. With regard to 
attitudes lowaal science and technology, 75 
percent of all students felt that "the by-products 
of past scientific efforts have been, (in the 
whole, beneiudal to man;" 71 percent fell that 
"overall, science and technology do more good 
than harm." On the other hand, 69 percent of the 
respondents agreed that "money should not be. 
given for scientific research unless it has 
practical value/' (In a similar poll taken in 1957, 
only 2t5 percent agreed with this position.) Most 
respondents favored spending tax money for 
cancer research, improving the environment, 
food pr{)du(:tion, and searching for alternative 
sources of energy, but not for space research. 
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The results of the last two studies would 
suggest that high school students do have a 
negative image of scientists, but that it is 
nfilhing new; they had the same image in 1957. 
In their evaluations of science and technology 
as such, high school students seem to be quite 
close to the rest of the American population, In 
neither case does the evidence suggest that 
these people have recently and dramatically 
turned against science, 

TAVISS 

A few researchers have emphasized the 
distinction between science and technology, 
,;!ul have tried to ascertain the attitudes of the 
public toward technology as such. One such 
study (brie fly mentioned by Etzioni and Nunn) 
reports an a small sample from the Boston area, 
surveyed in 1970,'' Strong majorities believed 
t'uU "machines have made life easier' and that 
"computers make business and government 
more efficient," On the other hand, majorities 
almost as great felt that "people today have 
become too dependent uptm machines,'' and that 
"the quality of life is better in the country than it 
is in the city." Thus there seems to be a high 
degree of rimbivalence. 

The author notes that it is difficult to 
interpret results of this kind in the absence of 
more detailed information. Respondents have a 
tendency to respond "yes" to all questions, and 
there is also the difficulty of knowing how 
deeply these attitudes are held. They may be 
only vague "philosophicnl" commitments, or 
they may actually be beliefs that would affect 
behavior and other attitudes. The author 
suspects that the former is the case. 

Whatever its significance, Taviss notes that 
this ambivalence toward technology has in- 
creased since the 1957 SRC study. Still, over 
three-fourths of the sample queried agreed that 
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lechnoloj^y tloes mort; gciod than harm, and H[\ 
perccinl riill that overall, t(ichnok)j>y is moro 
beneficial than hnrmfuL (This is consistent 
with Scicnccr /nciicaltJrs and other results 
discusscul above,)'" By far the main impact of 
lechnolojjy was said to bo in the area of 
improved medical care, (This also is consistent 
with the other results discussed earlier,) 

The respondents were asked to rank-order the 
technoloj^ical and social programs they vv(;uld 
like to see imphjmonted. The results were quite 
similar to Scicfnccj /juiictjlors, given that the 
items compared were not exactly the same, it 
was found that inilividuals who were more 
educated or better informed on lijchnological 
issue,s were more likely to be pro-tech nolo^^y, 

'Vho. survey also s{)Uj^lil to determine whether 
the process of decisionmaking is approved, 
Does th(; pidilic feel that the "experts" play too 
large a role in government decisionmaking? 
This would prijsumably reflect their attitudes 
toward both scientists and technologists. On 
most issues, such as fluoridation, installing 
missiles, and funding for scientific research, the 
sample surv(;yed would like; experts to have 
mon? power. Only on the issue of sending men to 
Mars was there a wish to seci experts have less 
power. Taviss distinguishes between a pro- 
technology group that s(jems to rejiresent the 
**mainstr(jam culture" and an ant i-lechnology 
group that shows signs of b(Mng "alienated", 

EBASCO SERVICES 

In the same connection, a 1975 study sh(juld 
be mention(ul, which had to tlo with public 
attitudes toward the development of nuclear 
energy J'' Sci(?n lists were the groU[i that enjoyed 
the greatest confidence with regard to what 
they held to say on this issur:. This Wcis tru(j for 
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responilents representing the total public, 
political leatlers. business leaders, and 
regulators, it was not true for environmen- 
talists, who placed scientists second, after 
"leading environmentalists," 

LA PORTE AND METLAY 

This is a very extensive study of public 
attitudes toward technology, which was 
published quite recent ly.-^' Only some 
highlights can be presented here, 1'he study is 
l)ased on a survey taken of the California 
population in 1972 and again in 1974. The 
authors note some of the general difficulties 
with this kind of inquiry: The data gathered are 
based on "opinions" which may be transiently 
held, particularly where they relate to conccM-ns 
not highly central to the pcfrson being queslion- 
etl (a point also made by Taviss). Opinions may 
be based on misinformation, and thercd'ore may 
be alter(Ml when new facts become known, 
'i'here are measurement probbims as well, 
How(Jver, the authors find considerable con- 
sistency in the answers of individual 
res[)ondenls over time, ami believ(; that con- 
fidence in the results is warranted, 

Like prcrvious authors. La Forte and Metlay 
analyze the surveyed pojudatiijn in 
demographic l(M'ms, in addition, they dis- 
linguish what Ihey call the "poiential public for 
tech not cgical politics", whicdi they (:()m[}ar(i 
with tht l)road public. The "potential public" is 
the highly educated and politically active 
porl ion of the [xipulation: they are thought to be 
tht? (jnes most likely to make art icvda to demands 
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Tor chiinoi. and to (;N(M't politiiial pre,ssur(; cm 
behair of IIkmi- convictions. ['I'lKircfort? lhi?y iwv. 
tlv^ kind of ^^roup llial some oi" our hdUir 
ro.ipondtMils would likn to imnicIi vvitli an 
(iducat ional pro<»rani.) 

^rh(! i'ir,st major conclusion tliat tlid autliors 
tirnw is that llic public p(!rc(MV(js a distinction 
|•^•^,^l!(;n the activities of "sci(!n{;(!" and tbosdof 
"i«:i.;int)lo,i4y". (bi this th(jy dilTor iVoni tlizioni 
and Nunn,) Majoi'itijJS disa<^r(jed with tlu; 
proj)osition that controls on tLM;hnoh)«4y will 
make liie worst?; with sonui ambi^^uitids, there 
was agreement that we ou^^ht t{) inca'ease our 
controls o\'er thi? way technologies are us(jd. By 
contrast, Ww.vv, was a very stron^^ eon.'iensus that 
sc'uinlifh: activities are intrinsically i)en(!i icial 
and sbould not be controlled. There was 
considerabU; confidence in scientific tl'dnkin^ 
as a means for solving social problt:; , and 
slr{)n<4 (Hsaj^reiMuent with the proposition that 
thinking in a scientific manner precludes tjne's 
apprtudalion {)f "most of life's beauties." 
Favorable attitudes toward scitMice corrtdated 
natst stront^ly with higher levels of (Mlueation, 

Rej4ardin<4 the onfconKJS of teehnolo<^y. the 
ur<4(! to t^o back to nature and the belie! that 
lechnolooy mak(}s life too eomplic^M.'id W(;re 
h(dd by only about onii-thirtl o". H.e total 
population. The notion that teclino» iV hiiuls to 
a debililalinM materialism was subsci ?:d to by 
only a {(uarter of the sanijile. but two-thirds 
a<4rtu)(l with tlu? l(?ss extreme statement that we 
have become too depend(Mit on maehintjs. An 
overwhelmint4 inajority rejiMded the statem(;nt 
that "Peojde shouldn't worry about harmful 
efbicts of tecbnolo.^y beciuis(? new inventions 
will always comt? alon^^ to solve die problems." 
Net^ative attitudes toward th(j outcomes of 
t{?elmoloj^y were mortJ common amon«4 th(? 
youn<4. thii [)olitically liberal, and the poor. 

With r(?<^ard to tin? outcomtis dT scivncv. there 
was strong a^^rtiement that scientific dis- 
(:o\'(fri(?s are ^^ood and only their use is 
probhfmatical. On the other hand, (hi: samphis 
WfM'e n(!i>:'ly e\-enly divided as to wh(;th(!r (M' not 
scifMitists. if hff! alone, can b(; counted on to 
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disc(jver things that will make our lives bj;tt(!r. 

In ^en(»ral, the authors find important distinc- 
tions in the [iuhlie mind. between the intrinsic 
valu{?s of science (md technology, the need to 
control onv. or the other, and their separate 
outeoiTiOb. If one compares these data with 
Science Indiculors, the results are generally tht; 
sam(!, (!xcept for the fact that Scienec; /ndiccjlors 
did not dis{ i 'iuaish between science and 
techn(dogy. Tha study found thai the public 
was mainly in favor of science and technology, 
but many still wished them to be more closely 
controlUid, The La Porte and Metlay study was 
abUi to refin(j these conclusions. On the other 
hand. Sc/eiice Indiculors f(iuncl that the public 
has little interest in the pursuit (d'knowdedge for 
its own sake. According to La Porte and Metlay, 
the public believes that sci(Mitific discoveries in 
themselves are go{)d. 

The respondents were also asked whether 
additional uses of technology would improve, 
aggravate, or havt; no effect on. solving each of 
ten social problems. Solid majorities saw 
Itichnology aiding in mass rapid transit, solving 
the (Miergy {:risis, protecting the environment, 
curbing population growlh. .)id education. Bui 
almost a ([uarter thoug::i technology would 
aggravate the problems of unemployment and 
the cost of living, and there was a strong dissent 
from tlu! us(! {)f techu lOgy in connection with 
the maintaining of personal r(M:ords. In g(meral, 
thf; respondents perceived most (but not all) 
[last anel presently implemented technologies as 
lieneficial, and tecdinohjgy as us(iful in the 
S{)lulion of sonKJ (bid not all) social problems, 
^i'iiese results should be compared with the 
Sc'nnMui /nth'cniors questions noted abovt? as to 
vvh(dher scienc(J and technology hav(i eaus(?d 
•many of nur probUims, and vvhethiM' they will 
solve them. 

A tjuery similar to Taviss' was made as to 
which of (Mghl a{:tors participaMng in decision- 
ni;iking about .(ichnology (ic(nu/ly has the most 
and which the l(!ast say. 'Vhv.y wer(i ;ds{) asktid 
who oiJghl to hiivfj th(! most say. In nono of the 
policy ar(!as were the individual and/or the 
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piiblic-al-liUM^J htjlinvud lo tjxert nny si^nificnnt 
influence ovim- deeisitjns, while cit the same lime 
the publie was Ihmight to be ihe t^miip mosl 
erilillecl In have such infliienee. Teehnical 
experts rated quite hi<^hly; they were seen as 
lej^ilimately exereisin^ a great deal of influence 
in every area, There was considerably less 
support for Jlxecutive Branch leaders in the 
Government, and for business leaders, These 
results can be compared with the consistently 
high standings that scientists [and engineers) 
hold in the public's esteem, in comparison with 
other professionals, in the studies previously 
discussed. 

Questions were also asked about the impact 
that the respondents anti^apated from a list of 
future technologies. Mainly beneficial results 
were expected from most of the technologies 
listed: particularly, urban rail transit and solar 
energy. The only predominantly negative 
respons(Js were to genetic engineering and 
massive data banks of information about th(? 
public, but there was also rebitively little 
support for the anti-ballistif: missde, the SST, 
and space travid. The public proved to have 
quitt? different reactions to different 
technologies. Previous studies have also in- 
cpiired iihoul juiblic reaction to different 
technologi(is, but it is difficult to make a 
qUfintitative comjiarisim because of the 
differtuU technologies considered and the 
different cpiestions asked. 

in g(Mi(!ral, hopes for benefits from future 
technology were mos! len express(ul in terms 
of the directly intended consequenc^j of that 
technology — S{)me improvement in inslrumen- 
tnl t(;chni(iu(!, Fe<u\s about harms, on the other 
hand, were mosl ofttm expressed in terms of 
pnintended, indirect consequfMices for sf)cifd or 
polilical values such as th(j econ any, Ihe 
environmtMil. or polilical rigbls, Cleneral anxiii- 
ty toward all technologies ajipeared to d:M:r(?ase 
from 1972 lo 1974. a*j a more focused concern 
about the negative aspects of parlicMhiv 
teebnolcgies euKM'gcd. This tpialified con- 
fidence wiis jiarfdUded by an incrtjast? in 



confidence in scitmtific aclivities. The single 
inslance of significantly increased support for a 
technology was the enlianced attractiveness to 
the '^potential public" of developments in the 
space; program. The authors find this develop- 
ment to be due largely to an increase of interest 
in the sc/entific information thai this program 
can produce. Demographic analyses showed 
that a certain group might very well value one 
ttichnology arul fear another. 



SUMMARY (Part li) 

The survtjy data thai have been described in 
Part 11 are clearly very incomplete. For example, 
much more needs t(} bv. done to survey the 
attitudes of different groups within the broad 
public. Sonui studies h:ive attempted to 
separate attitudes toward scienciJ and toward 
technology, to distinguish betvveem different 
techn(jlogies, and to distinguish attitudes 
toward fi(d(ls from altitudes toward those who 
work in them. This work should be extended 
and continued over time, an that changes in 
attitude can be iVdJowed. Moreov(;r, some 
studies contain the explicit suggestion that they 
may lie reporting only su.[)erri(;ial .md unin- 
formed opinions that may (jasily change, and 
may not express any stjrious convictions or 
intentions. This too is an area for further work, 
(jspecially with rtigard to thf) (Uipth of vind(M'- 
standing ol scicmce and the motivaticjns that 
untlerlie |)ublic attitudes. Finally, the re,sults of 
sejiarate studies have been compared without 
critically probing th(; question of the cfmsislen- 
cy betwc'Mi thtim or the validity of individual 
surveys, 

Htjcause of these limitations in tht; data only 
tentalive contdusions {:an be offered. Perhaps 
the (dearest concdusion is that ther(! has bv.v.n a 
gen(M'al drop in [hv. public's (Jsleem for public 
institutions gtuierfdly since tht; micUlle '19H{)'s. 
In absolute terms, scientists have shartid in this 
drop, but in comparison with other 
proiessionals they have h(dd their ou"ii or ev(;n 
gain(Ml. The public also has a high (legree of 

eoNKiUHNc:!.-; in scu'.ncc and tkci inoi.ugv 9 1 
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respect tor scientists as cxptirts (jntitled to take; 
part in public policy decisions. 1 1 must be adclecl 
that on th{; whole sciijntists are perceiv(Kl to be 
rather stran^£»e people with whom the public 
does not (;asily iclentily. 

Some of our letter respondents proposed a 
program oT education about science and sc:ien- 
li;>ls directed toward lh(; public:. There is 
evidence that the public could know much more 
about these subjects. However, without further 
study it cannot be asserted that such a program 
vvouki lead to th(; alterations in governmental 
actions with respect to science that these 
respondents hoped lor. 



Science itstjlf seems to be highly regarded by 
the public. Most of the evidence suggests that it 
is valued mainly for its practical results, but 
this point is still unclear. At the same timft, there 
is some evidence that tiie public distinguishes 
science from technology. Technology also is 
widely supported, but public concern about, it is 
increasing. Different technologies seem to 
receive widely different reactions from dif- 
ferent constituencies. Young people seem to be 
especially sensitive to the possible negative 
conscquimces of technology, but it does not 
appear thai they have become generally dis- 
affected with (iither scient:e or technology. 
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Appendix A 

METHOD OF THE INQUIRY 



Tlu? purpose of this nppnndix is to ntkl furth(}r 
(hitnils to till! iliisi:rip)ti()n in Chtipler 2 of thu 
procfuluro of simding iiujuiry letters to ihu resuMrnh 
community nnd processing the replies. 

The inquiry h;tters were inniled out in the spring 
and summer of 1975, on the dates shown in Tcihlt! A-1. 
In ptirlicuinr, on July l letters were sent to vice 
presidents for research Mt universities, nsking for the 
names of five of their flepiirlnient chnirnien-. At thnt 
lime, (jfich vice presificnt nlso received five copies of 
the incjuiry letter to distribute to those chairmen. 
Hence those letters were received by the chnirmen on 
or Mfter July I. Appendix B contains the texts of nil the 
letters sent. 

Each individual who received an incjuiry letter and 
did not send a reply was contacted with a follow-up 
lelephon'j call, if he or his organization could still b(j 
located. These Ccills occurred in August and 
September. 

The procesf:ing of the response letters was ter- 
minated on September 22, Letleps.received after that 
dale Could not be incmded in the tabulation of issues, 
though th(iy arti countiid in C^hapter 2 and in the 
complete list of respondents in Appendix C. About 15 
letters were thereby excluded, all from department 
chau'men at universities. 

In December and January, a new letter was sent to 
some of the persfnis who had responded t(j the intjuiry 
letter. This new letter sought their permission to Use 
a quotation from their response in the present Report. 
The exact passage to be quoted was included, so that 
they could agree that the passage accurately 
represented their views. Thus wrilten permission 
has been obtained for the use of every attributed 
quotation from a respondent that appears in this 
Report. 



At universities, the c)ffic:icds who had been con- 
tacted were divided into three levels, which for 
vviirk ing purposes were called presidents, vice 
presidents for research, and department chairmen. 
This was a simplification of the actual situation. For 
one thing, the Carnegie Commission listings 
somtitimes name individual campuses of multicam- 
pus institutions, while at other times they list the 
whole institution as a single imit. The "president", 
tht;refore, is whatever official is highest in the unit 
listtJtl, whether the whole institution or a single 
campus. Some of these officials are in fact 
chancellors. Vice presidents for research were 
selected in the same way if.an official could be found 
with that tit l(j or a similar one. If not, an official was 
chosen whose responsibility seemed to be in much 
the same area, such as the dean of graduate studies. In 
n f(fw cases a vice president for research was 
contatUed fi'om a central university administration, 
rather than from an individual campus that happened 
not to have such an official. 

The department (diairinen were from whatever 
campus the vice president for research happened to 
choose. In almost every case, these were the cam- 
puses in the Carnegie Commission list. These persons 
had various titles. Some were heads of imiversity- 
based research laboratories. Others were actually 
deans or assistant deans of academic divisions, but 
vver(! still counted as chairmen. In other cases, the 
respondent was a member of the department other 
than the cdiairman. 

In a number of cases, a person addressed by our 
intjuiry letter delegated to someone else the respon- 
sibility of replying. Whenever it could be ascertained 
that this had occurred, the reply was counted as 
coming from the person originally addressed, 
regardhjss of who had ai:tually written or signed it. 
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OccMsicmally \Uv nuWwv ul' such i\ ruply wiis ;ilsi) 
writing on his cuvn l)tihnli btfcausc; the; iiuiinry hiltur 
had ahio hvv.n sunt to him. In this case, lh(; liiltur was 
i:()iint(?(l twice, as lh<; rcspiJiise oi* both oificials. 

Th(? iiHjuiry l^'l^^'^' iJ^l^^'d uach ruspondont to 
piMiposc? Iho two most critical issuus or prohhiiiis 
laciiiM iM'soarch ahm^ with any soUilions ht; cariMl to 
suMM«J«l- Wl^*''^ lidlurs vviMi? annly/iitl. tho 

(lifl(MM;nc(! hiMwcun a probltMn and a sohilion (dtun 
proved to bo vvvy sbghl. A probUMn such as lack (jT 
monoy in sonu? area implies its own solution directly, 
while some proposed probhiniB, such as the lack ol 
long-ran^(! plamiinM. are sNlulions more than 
prcd)leins. 

The chissification of responses was difficult lor 
many reasons. A set of categories had to he deveh)pod 
lhal was not so fine-grained as to fail to classify, by 
leavini^ a gical nund)er of distinct eategories. Yet it 



could not be so coarse aa Ui lose entirely the many 
differiMices of nuance among the letters. Again, the 
degree of coarseness id(;ally should be the same for all 
categories. It was also found that the issues as 
specified hy our set of categories were closely 
interconnected in the minds of the respondents. Thus 
what they called an "issue" or'problem" might in fact 
bring up several categories, especially if it was in a 
long statement. Because of these difficulties, which 
are to he expected in a content analysis, it did not 
seem appropriate to present the survey results in the 
form of frequency tables. In place of this, rank-order 
lal)les were ()(?vtdoped, as shown in Appendix E, 
which are not as quantitatively detailed. This kind of 
semiquantitative tabulation is suitable to the non- 
statistical character of this inquiry, the purpose of 
which is not to report quantitatively on the relative 
importance of issues, but simply to identify the most 
important ones. Appendix D contains a complete list 
of the categories or issues frtmi each sector. 



Table A-1.— N^.ailing Dates 



Universities Pirst two weeks 

Presidents j^ne 1975 

Vice-Presidents ^ 21, 1975 

^irst Letter j . ^ ^975 

Second Letter 

. ■ . On or after 

Department Chairmen ^^^^ ^gy^ 

Stlstna. Pane, May 23, 1975 

. ^ ^- May 23, 1975 

Presidents of Corporations ^ 

Gowernmenf July 11,1975 

Directors of FFRDC s ^^^^ 

Directors of Intramural Laboratories ^^^^..Ji .^^c 

. , May 30, 1975 

Agency Officials 

Independent Research Institutes Mav 23 1975 

Presidents or Directors ^ 
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Appendix B 

TEXTS OF THE LETTERS SENT 
TO THE RESEARCH COMMUNITY 



The following aro (:(){)ios of the letters sent to the research community by the 
Chairman of the National S(*ience Board Committee that was responsible for this 
Reporl/rheso inquiry letters varied slightly according to the sector and the title of the 
person addressed. Ail the versions of the letter are incduded here. 

In addition, the second letter to university vice presidents for research is included. 
This is the letter that asked each vice president to designate five department chairmen 
and distribute copies of the inquiry letter to them. 
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NATIONAL SCIENCE FOUNDATION 
NATIONAL SCIENCH BOARD 
WASHINGTON, D.C. 20550 



I 

LETTER TO 
UNIVERSITY PRESIDENTS 



Currently the National Science Board is preparing its Eighth Annual 
Report to the President and to the Congress. Tlie report will concen- 
trate on the circumstances which might affect the capacity of the 
Nation to continue a strong position in science and technology. It 
will attempt to identify and to study prospectively selected critical 

problems developing in the operating research sectors namely, 

university, industry, Government laboratories and independent research 
institutes. The report is not as ijiuch concerned with dollar support 
as with circumstances in the institutional, managerial or policy 
environment which will influence the productivity of working scientists 
and engineers. In order to identify critical problems arising from 
university research activities, the Committee on Eighth NSB Report 
is seeking input from selected university presidents who can speak to 
such issues on a university-wide basis. 

The Committee would very much appreciate learning about the two most 
critical issues/problems facing fundamental (long term, basic) research, 
as you see it, in the near term future. "Near term future" means issues 
currently emerging or seen~to-be-emerging in the next decade or so. 
For example, as you look ahead, in your capacity as 

what problems do you anticipate? What critical issues/problems will 
condition scientific and technological research in your university and 
will decrease its effectiveness unless properly addressed? Would you 
please order your issues/problems "one" and "two" and then provide a 
brief descriptive paragraph or so for each? Feel free to propose 
resolutions or solutions. 

In addition to your views from the chief executive level, the Committee 
expects to obtain perceptions from your chief administrative officer 
for research in a separate letter. 
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In the name of the National Science Board and its Committee for the 
Eighth NSB Report, I thank you for a quick reply. If at all possible, 
we would very much appreciate having your comments within the next few 
weeks or so. An addressed, franked envelope is enclosed. 

Many thanks for your time, interest and effort. 

Very truly yours. 



F. P. Thieme, Chairman 
Committee on Eighth NSB Report 



Enclosure 
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NATIONAL SCIENCE FOUNDATION 
NATIONAL SCIENCE BOARD 
WASHINGTON, D.C. 20550 



FIRST LETTER TO UNIVERSITY VICE-PRESIDENTS FOR RESEARCH 



Currently the National Science Board is preparing its Eighth Annual 
Report to the President and to the Congress. The report will concentrate 
on the circumstances which might affect the capacity of the Nation to 
continue a strong position in science and technology. It will attempt 
to identify and to study prospectively selected critical problems 

developing in the operating research sectors namely university, 

industry, Government laboratories and independent research institutes. 
The report is not as much concerned with dollar support as with circum- 
stances in the institutional, managerial or policy environment which 
will influence the productivity of working scientists and engineers . 
In order to identify critical problems for the university research 
sector, the Committee on Eighth NSB Report is seeking input from 
selected individuals with direct concern for research in U. S. academic 
institutions. 

The Committee would very much appreciate learning about the two most 
critical issues/problems facing fundamental (long term, basic) research, 
as you see it, in the near term future. "Near term future" means issues 
currently emerging or seen-to-be-emerging in the next decade or so. 
For example, as you look ahead, in your capacity as 

what problems do you anticipate? What critical issues/problems will 
condition scientific and technological research in the university and will 
decrease its effectiveness unless properly addressed? Would you please 
order your issues/problems "one" and "two" and then provide a brief 
descriptive paragraph or so for each? Feel free to propose resolutions 
or solutions. 

In addition to your views, the Committee expects to obtain the view 
of the President of your university in a separate letter. 



100 APPENDIX B 



103 



2 



On behalf of the National Science Board and its Committee on Eighth 
NSB Report, 1 thank you for a quick reply • If at all possible, we 
would very much appreciate having your comments within the next few 
weeks or so. An addressed, franked envelope is enclosed. 

Many thanks fo* your time, interest and effort. 

Very truly yours. 



F, P. Thieme, Chairman 
Committee on Eighth NSB Report 

Enclosure 
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NATIONAL SCIENCE FOUNDATION 
NATIONAL SCIENCE BOARD 

WASHINGTON, D.C. 20550 



' SECOND LETTER TO UNIVERSITY VICE-PRESIDENTS FOR RESEARCH 



Earlier I wrote to you concerning the top two critical problems/ 
issues facing the conduct of research in University in the near- 
term future. As responses come in to us , we sense the need for 
additional input from the departmental level and would like to 
ask your help in obtaining a set of critical issues from five 
chairmen of your most active departments in science (including 
social science) and engineering. I shall depend on your selection 
to ensure a spread among disciplines as well as a fairly quick 
reply. 

Would you please provide the names of the chairmen you select 
on the enclosed card addressed to me and then give each chair- 
man a copy of my enclosed letter. 

Very truly yours. 



F. P. Thieme, Chairman 
Committee on Eighth NSB Report 



Enclosures 
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NATIONAL SCIENCE FOUNDATION 
NATIONAL SCIENCE BOARD 
WASHINOTOW. D.C. 20550 

LETTER TO UNIVERSITY DEPARTMENTAL 
CHAIRMEN 

Dear Departmental Chairman: 



Currently the National Science Board is preparing its Eighth Annual 
Report to the President and to the Congress. The report will concen- 
trate on the circumstances which might affect the capacity of the 
Nation to continue a strong position in science and technology. It 
will attempt to identify and to study prospectively selected critical 
problems developing in the operating research sectors — namely university, 
industry. Government laboratories, and independent research institutes. 
The report is not as much concerned with dollar support as with cir-- 
cumstances in the institutional, managerial or policy environment which 
will influence the productivity of working scientists and engineers. 
In order to identify critical problems for the university research 
sector, the Committee on Eighth NSB Report is seeking input from selected 
departmental chairmen in U. S. academic institutions. 

The Committee would very much appreciate learning about the two most 
critical issues/problems facing fundamental (long term, basic) research, 
as you see it, in the near term future. "Near term future" means issues 
currently emerging or seen-to-be-emerging in the next decarle or so. 
For example, as you look ahead, in your capacity as departmental chair- 
man, what problems do you anticipate? What critical issues/problems 
will condition scientific and technological research in the university 
and will decrease its effectiveness unless properly addressed? Would 
you please order your issues/problems "one" and "two" and then provide 
a brief descriptive paragraph or so for each? Feel free to propose 
resolutions or solutions. 

On behalf of the National Science Board and its Committee on Eighth 
NSB Report, I thank you for a quick reply. If at all possible, we 
would very much appreciate having your comments within the next few 
weeks or so. An addressed, franked envelope is enclosed. 

Many thanks for your time, interest and effort. 

Very truly yours , 



F . P . Th i eme , Ch a i r man 
Committee on Eighth NSB Report 

Enclosures 

106 



NATIONAL SCIENCE FOUNDATION 
NATIONAL SCIENCE BOARD 
WASHINGTON, D.C. 20550 



LETTER TO MEMBERS OF NSF INDUSTRIAL PANEL 



Currently the National Science Board is preparing its Eighth Annual 
Report to the President and to the Congress. The report will concentrate 
on the circumstances which might affect the capacity of the Nation to 
cont-inue a strong position in science and technology. It will attempt 
to identify and to study prospectively selected critical problems develop- 
ing in the operating research cectors— -namely , university, industry, 
Government laboratories and independent research institutes. The 
report is not as much concerned with dollar support as with circum- 
stances in the institutional, managerial or policy environment which 
will influence the productivity of working scientists and engineers. 
In order to identify critical problems for the industrial research 
sector, the Committee on Eighth NSB Report is seeking input from members 
of NSF Industrial Panel on Science and Technology. 

The Committee would very much appreciate learning about the two most 
critical issues/problems facing fundamental (long term, basic) research, 
as you see it, in the near term future. "Near term future" means 
issues currently emerging or seen-to-be-emerging in the next decade or 
so. For example, as you look ahead, in your capacity as a research 
director, what problems do you anticipate? What critical issues/ 
problems will condition scientific and technological research in 
industry and will decrease its effectiveness unless properly addressed. 
Would you please order your issues/problems "one" and "two" and then 
provide a brief descriptive paragraph for each? Feel free to propose 
resolutions or solutions. 

In addition to your views from the research management level, the ^ 
Committee expects to obtain perceptions from the corporate executive 
officer in a separate letter. 
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In the name of the National Science Board and its Cormi ttee on Eighth 
NSB Report, I thank you for a quick reply. If at al possible, we 
would very much appreciate having your comments within the next few 
weeks or so. 

Many thanks for your time, interest, and effort. If you have any 
questions regarding this letter please contact Dr, James J. Zwolenik 
at 202-632-5786 • 

Very truly yours , 



F, P, Thieme 
Chairman, Committee on 
Eighth NSB Report 

Enclosure 
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NATIONAL SCIENCE FOUNDATION 
NATIONAL SCIENCE BOARD 
WASHINGTON, D.C. 20550 



LETTER TO CORPORATION 



Currently the National Science Board is preparing its Eighth Annual 
Report to the President and to the Congress, The report will concen- 
trate on the circumstances which might affect the capacity of the 
Nation to continue a strong position in science and technology. It 
will attempt to identify and to study prospectively selected critical 

problems developing in the operating research sectors namely, 

university, industry. Government laboratories and independent research 
institutes. The report is not as much concerned with dollar support 
as with circumstances in the institutional, managerial or policy 
environment which will influence the productivity of working scientists 
and engineers. In order to identify critical problems for the industrial 
research sector, the Committee on Eighth NSB Report is seeking input 
from selected corporate officers in U. S. industry. 

The Committee would very much appreciate learning about the two most 
critical issues/problems facing fundamental (long term, basic) research, 
as you see it, in the near term future. "Near term future" means issues 
currently emerging or seen-to-be-emerging in the next decade or so. 
For example, as you look ahead, in your capacity as a company president, 
what problems do you anticipate? \^/hat critical issues/problems will 
condition scientific and technological research in industry and will 
decrease its effectiveness unless properly addressed? Would you please 
order your issues/problems "one" and "two" and then provide a brief 
descriptive paragraph for each? Feel free to propose resolutions or 
solutions . 

In addition to your views from the corporate level, the Committee 
expects to obtain perceptions from the operating research level in a 
separate letter. 
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X„ Che of the national Scian^a Boa.d and its C-ittee^o„ Eighth 

fo^inrr^VLf ^Sria'trh^vJfs'vor/fo^^ats „ithi/tha „a.t 
weeks or so. 

thanKs ^o. ,o„. ti.e intarast ana e^^o.t.^^«^y^^^ 

questions regarding this letter, pxedb^ 
at 202-632-5786. 

Very truly yours, 



F, P. Thieme 
Chairman, Coininittee on 
Eighth NSB Report 



Enclosure 
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NATIONAL SCIENCE FOUNDATION 
NATIONAL SCIENCE BOARD 
WASHINGTON, D,C, 20550 



LETTER TO GOVERNMENT AGENCY OFFICIALS RESPONSIBLE FOR SCIENCE AND T£CHNOLOGY 



Renort to T V T/"- Preparing its Eighth Annual 

trate on thp%r' u° Congress. The report will concen- 

mI^o . circumstances which might affect the capacity of the 

Nation to continue a strong position in science and technology It 
will attempt to identify and to study prospectively selected critical 
problems developing in the operating research sectors— namely' uni- 
versity industry. Government laboratories and independent research 
institutes. The report is not as much concerned with dollar support 
as with circumstances in the institutional, managerial or policy 
environment which will influence the productivity of working scientists 
and engineers In order to identify critical problems for the Gover^- 
"itnl the Committee on Eighth NSB Report is seeking input 

from selected agency officials with broad responsibilities for research. 

lha Committee would very much appreciate learning about the two most 

as vorsee '"^ '"''"^ fundamental (long term, basic) research, 

currently eme;^ ''7 ""^^^ f"*^"^^" — i^-^s 

currently emerging or seen-to-be-emerging in the next decade or so 

!ovp^^^ ; r """^ ^^^^^^ capacity as director of a 

government laboratory what problems do you anticipate? What critical 
issues/problems will condition scientific and technological research in 
government and will decrease its effectiveness unless properiradLessed' 
Would you please order your issues/problems "one" and "two" and then 
provide a brief descriptive paragraph for each? Feel free to propose 
resolutions or solutions. propose 

oh?\'^°'' '° ^^^"^ ^^""^ ^S^'^'^y ^^^^1' the Committee expects 

to obtain perceptions from selected directors of Government laboratories. 

In the name of the National Science Board and its Committee on Eighth 
NSB Report. I thank you for a quick reply. If at all possible, wf 
would very much appreciate having your comments within the next few 
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Many thanks for your time, interest, and efforc. If you have any 
questions regarding this letter . please contact Dr. James J. Zwolenik 
at 202-632-5786. 

Very truly yours, 



F. P. Thieme 



112 

APPHNDIX n 109 



ERIC 



NATIONAL SCIENCE FOUNDATION 

NATIONAL SCIENCE BOARD 

WASHINGTON, D.C. 20550 



LETTER TO DIRECTORS OF INTRAMURAL GOVEI.NMENT LABORATORIES 



Currently the National Science Board is prep^'inc its Eighth Annual 
Report to the President and to the Congress. The report will concen- 
trate on the circumstances which might affect the capacity of the 
Nation to continue a strong position in science and technology. It 
will attempt to identify and to study prospectively selected critical 
problems developing in the operating research sectors----namely . uni- 
versity, industry. Government laboratories and independent research 
institutes. The re-.or. is n.t as much concerned with dollar support 
as with circumstanc in t:^^ institutxonal . managerial or policy 
environment which w. . , irfl'a.nce the productivity of working scientists 
and engineers. 

In order to identify .rrai.il problems for the Goverranent laboratories, 
the Committee on Ei&ecr Report earlier contacted Dr Richard W. 

Roberts. Chairman of Ccinmittee on Federal Laboratories and 

asked him to express coll.^rtive views on Government laboratories 
Snbsequently. the Cbnnniilte^ decided to contact individual directors 
.-f research or vice presidents of research in university, industry, 
id independent res^Lch .laboratories. To be consistent the Committee 
has now expanded it- in^v,^ to include individual directors of Govern- 
ment laboratories a- d is writing to a selected group of thirty. 



The uomiuiuuee v/uuxc ^^^^^^^ ^^^^^ _ _ ^ , . n 

critical issues/prelv .'.n. f.^cing fundamental (long te^, basic) research 
as 5ou see it. in tV,-. n.: r term future. "Near ter:n ^i.ture ' means issues 
currently emerging ■ ...-to-be-emerging in the nex- decade or so. 
For example, as yo. :look . .ead. in your capacity as .Ixrector fa 



g:ve;= lab^r^;; ;^.t probl^^^ you anticipator What critical 
islues /problems wit: ..raa tion scientific and techno^gical research in 
Jo^rrnmert iaborato:ie.,:vr:a will decrease its ^^^"rj'^.^r'' 
addressed? Would you please order your issues/problems 
and then provide a brier --criptive paragraph for each? Feel free to 
propose resolutions err ^ utions. 
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In addition to your view from the research management level, the Committee 
expects to obtain perceptions from the agency level in a separate letter. 

In the name of the National Science Board and its Committee on Eighth 
NSB Report, I thank you for a quick reply. If at all possible, we 
would very much appreciate having your comments within the next few 
weeks or so, 

Many thanks for your time, interest, and effort. If you have any 
questions regarding this letter please contact Dr, James J. Zwolenik 
at 202-632-^5786, 

Very truly yours. 



F, P. Thieme 
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NATIONAL SCIENCE FOUNDATION 

NATIONAL SCllNCE BOARD 
WASHINGTON, D.C. 20550 



LETTER TO DIRECTORS 
OF FFRDC's 



Currently the National Science Board is preparing its Eighth Annual 
Report to the President and to the Congress. The report will concen- 
trate on the ci^umstances which might affect the capacity of the 
Nation to continue a strong position in science and technology. It 
will at-empt to identify and to study prospectively selected critical 
probler developing in the operating research sectors namely, uni- 
versity industry, Government laboratories and independent research 
institutes. The report is not as much concerned with dollar support 
as with circumstances in the institutional, managerial or policy 
environment which will influence the productivity of working scientists 
and engineers. 

In order to identify critical problems for the Federally Funded Research 
,and Development Centers, the Committee decided to contact the director 
of each center. 

The ComBdttee would very much appreciate learning about the two most 
critical issues/problems facing fundamental (long term basic) research 
as you see it, in the near term future. "Near term future" means issues 
currentlv emerging or s'een-to-be-emerging in the next decade or so. 
For example, as you look ahead, in your capacity as director of an 
FFRDC what problems do you anticipate? What critical issues /problems 
will condition scientific and technological research in FFRDC s and 
will decrease their effectiveness unless properly addressed? Would 
foi pl'se order your issues/problems "one" and "two" and then P-vxde 
I brief descriptive paragraph for each? Feel free to propose resolutions 
or solutions. 
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In "the name of the National Science Board and its Committee on Eighth 
NSB Report, I thank you for a quick reply. If at all possible, we 
would very much appreciate having your comments within the next few 
weeks or so. 

Many thanks for your time, interest, and effort. If you have any 
questions regarding this letter , please contact Dr. James J. Zwolenik 
at 202-632-5786. 

Very truly yours, 



F. P. Thieme 
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NATIONAL SCIENCE FOUNDATION 
NATIONAL SCIENCE BOARD 

WASHINGTON, D.C. 20550 



LETTER TO PRESIDENTS OR DIRECTORS OF INDEPENDENT RESEARCH ^TUTES 



Currently the National Science Board is preparing its Eighth Annual 
Report to the President and to the Congress. The report will concen- 
trate on the circumstances which might affect the capacity of the 
Nation to continue a strong position in science and technology. It 
will attempt to identify and to study prospectively selected critical 
problems developing in the operating research sectors—namely uni- 
versity, industry, Government laboratories and independent research 
institutes. The report is not as much concerned with dollar support 
as with circumstances in the institutional, managerial or policy 
environment which will influence the productivity of working scientists 
and engineers. In order to identify critical problems for the inde- 
pendent research institutes, the Committee on Eighth NSB Report is 
seeking input from selected individuals with direct responsibility 
for the vitality of research in independent research institutes. 

The Committee would very much appreciate learning about the two most 
critical issues/problems facing fundament-il (long term, basic) research, 
as you see it, in the near term future. "Near term future' means 
issues currently emerging or seen-to-be-emerging in the next decade 
or so. For example, as you look ahead, in your capacity as President 
^ what problems do you anticipate? what 

critical issues'/problems will condition scientific and technological 
research in the independent research institute and will decrease its 
effectiveness unless properly addressed? Would you please order 
your issues/problems "one" and "two" and then provide a brief descriptive 
paragraph for each? Feel free to propose resolutions or solutions. 

In the name of the National Science Board and its Committee on Eighth 
NSB Report, I thank you for a quick reply. If at all possible we 
would very much appreciate having your comments within the next tew 
weeks or so. An addressed, franked envelope is enclosed. 
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Many thanks for your time, into- i M-id effort. 

'ei-N' truly yours. 



Enclosure 



ERIC 



F. P. Thieme, Chairman 
Committee on Eighth NSB Board 
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Appendix C 

COMPLETE LIST OF RESPONDENTS 
TO NSB INQUIRY LETTER, BY SECTOR 



I 



The following tables list the respondents to the 
inquiry letter by sector. Those who actually sent a 
response letter ace includnd, but not those who had a 
letter written on Jtlheir behalf that was not over their 
name. 

The respondents on the first two tables are in the 
university sector. One table is for Carnegie Research 
Universities I, the other for Research universities II. 
Within a table, the universities are listed in 
alphabetical order. There are 50 Research Univer- 
sities I and 42ResearchUniversities II, and there is at 
least one respondent from each of these. Respondents 
are listed by title under their universities. 

There is a single table for all industry respc dents. 
The corporations are listed alphabetically, and the 



individuals are listed by title under their cor- 
porations. 

For the Government research sector, there are 
separate tables for agency officials, directors of 
intramural laboratories, and directors of FFRDC's. 
The table of agency officials is alphabetized by the 
name of the agency. The table of intramural 
laboratories is alphabetized by controlling agency* 
and under each agency by laboratory namelFFRDC's 
are listed simply by laboratory name. There is only 
one respondent from each intramural laboratory or 
FFRDC listed. 

The last table lists the independent research 
institutes alphabetically. There is one respondent 
from each. 



Table C-1.— List of Respondents from Research Universities I 



University of Arizona 

A. Richard Kassander, Jr. 
Wee President, Research 

Robert L. Hamblin 

Head, Department of Sociology 

Lee B. Jones 

Head, Department of Chemistry 

Roy H. Mattson 
Head, Department of Electrical 
Engineering 

California Institute of Technology 

Harold Brown 
Presiden t 

A. J. Llndstrom 

Sponsored Research Administrator 

John D, Baldeschwieler 
Chairman, Division of Chemistry and 
Chemical Engineering 



M. Schmidt 

Chairman, Division of Physics, 
[Mathematics, and Astronomy 

University of California, Berkeley 

Albert H. Bowker 
Chancellor 

August G. Manza 

Manager, Campus Research Office 

Gerald D. Berreman 

Chairman, Department of Anthropology 

Daniel E. Koshland, Jr. 

Chairman, Department of Biochemistry 

Leonard Machlls 

Chairman, Department of Botany 
M. Rosenlicht 

Chairman, Department of Mathematics 



University of California, Davis 

James H. Meyer 
Chancellor 

Ray B. Krone 

Associate Dean for Research 
College of Engineering 

R. W. Aliard 

Chairman, Department of Genetics 
John L. ingraham 

Chairman, Department of Bacteriology 
J. A. Jungerman 

Director, Crocker Nuclear Laboratory 

University of California, Los Angeles 

Charles E. Young 
Chancellor 

Peter Liklns 

Associate Dean, School of Engineering 
and Applied Science 

Table continues on noxt pago 
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Table C-1 continued 



Daniel Kivelson 

Chairperson. Department of Chemistry 

University of California, San Diego 

W. D. McElroy 
Chancellor 

Roy D'Andrade 

Chairman, Department of Anthropology 

William R. Frazer 

Chairman, Department of Physics 

Carl W. Helstrom 
Chairman, Department of Applied 
Physics and Information Science 

Case Western Reserve University 

Louis A. Toepfer 
President 

Harvey B. Willard * 

Vice Provost and Dean of Science 

John P'. Fackler, Jr. 

Chairman, Department of Chemistry 

Peter Pesch 

Chairman, Department of Astronomy 

University of Chicago 

John T. Wilson 

Prov'osf and Acting President 

Norman M. Bradburn 

Chairman, Department of Behavioral 

Sciences 
E. N. Parker 

Chairman, Department of Astronomy 

and Astrophysics 
J. A. Simpson 

Director, Enrico Fermi Institute 

University of Colorado, Main Campus 

Lawson Crowe 
Chancellor 

Milton E. Lipetz 

Vice Chancellor for Research and 
Dean of the Graduate School 

Frank S. Barnes 

Chairman, Department of Electrical 
Engineering 

Bruce R. Ekstrand 

Chairman, Department of Psychology 
David A. Lind 

Chairman, Department of Physics 
and Astrophysics 

Stewart J Strickler 

Chairman, Department of Chemistry 



Columbia University, Main Division 

Virginia Lief 

Director, Institutional Research & 
Budget Planning 

Mitchell I. Ginsberg 

Dean, School of Social Work 

John H. Bryant 

Director, School of Public Health 
Robert A. Gross 

Chairman, Department of Mechanical 
Engineering 

Gilbert Stork 

Chairman, Department of Chemistry 

Cornell University, Main Campus 

Dale R. Corson 
President 

W. D. Cooke 

Wee President for Research 
H. H. Johnson 

Director, Materials Science Center 
Raphael Littauer 

Chairman, Department of Physics 

Duke University ^ 

Terry Sanford 
President 

John C. McKinney 
Vice Provost and 
Dean of the Graduate School 

Donald J. Fluke 

Chairman, Department of Zoology 
Robert L. Hill 

Chairman, Department of Biochemistry 
Allen C. Kelley 

Chairman, Department of Economics 
L. D. Quin 

Chairman, Department of Chemistry 

University ot Florida 

Robert Q. Marston 
President 

George K. Davis 

Director of Sponsored Research 

Peter A, Cerutti 

Chairman, Department of Biochemistry 
A. E. S. Green 

Director, Interdisciplinary Center 
for Aeronomy and 
(Other) Atmospheric Sciences 

E. E. Muschlitz, Jr. 

Chairman, Department of Chemistry 



Otto von Mering 

Acting Chairman, Department of 
Anthropology 

University of Georgia 

Fred C. Davison 
President 

Robert C. Anderson 

Vice President for Research 

Norman Herz 

Head, Department of Geology 
Milton H. Hodge 

Head, Department of Psychology 

Charles E. Melton ? 
Head, Department of Chemistry 

W. J. Payne 

Head, Department of Microbiology 

Harry D. Peck, Jr. 

Head, Department of Biochemistry 

Harvard University 

Derek C. Bok 
President 

Y. C. Ho 

Associate Dean, Division of 
Engineering and Applied Physics 

Paul C. Martin 

Former Chairman, Department of 
Physics 

University of Hawaii, Main Campus 

Douglas S. Yamamura 
Acting Chancellor 

Geoffrey C. Ashton 
Acting Vice Chancellor 

John T. Jefferies 

Director, Institute for Astronomy 

Donald M. Topping 
Director, Social Sciences and 
Linguistics Institute 

University of Illinois, Urbana 

John E. Corbally 

President, University of Illinois 

George A. Russell 
Vice Chancellor for Research and ' 
Dean of The Graduate College 

R. D. DeMoss 

Head, Department of Microbiology 
H. S. Gutowsky 

Director, School of Chemical Science 

Joseph E. McGrath 

Head, Department of Psychology 
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C. p. Sless 

Head, Department of Civil Engineering 

University of Iowa 

Duane C. Spriestersbach 
Vice President for Educational 
Development and Research, and 
Dean of the Graduate College 

Jerry J. Kollros 

Chairman, Department of Zoology 

Samuel C. Patterson 
Chairman, Department of Political 
Science 

Carl S. Vestling 

Head, Department of Biochemistry 

Johns Hopkins University 

Steven Muller 
President 

University of Kentucky 

Otis A. Singletary 
President 

W. C, Roysier 

Dean of the Graduate School and 
Coordinator for Research 

William Y. Adams 

Chairman, Department of Anthropology 
S. F. Conti 

Director, School of Biological 
Sciences 

Clifford J. Cremers 
Chairman, Department of Mechanical 
Engineering 

WIMIam D. Ehmann 

Chairman, Department of Chemistry 

Fred W. Zechman 

Chairman, Department of Physiology 
and Biophysics 

Univer&;t; of Maryland, Main Campus 

Robert E. Menzer 

Associate Dean for Graduate Studies 
John O. Corliss 

Chairman, Department of Zoology 
J, K. Goldhaber 

Chairman, Department of Mathematics 

Massachusetts Institute of Technology 

Jerome B. Wiesner 
President 

William F. Pounds 
Dean, Sloan School of 
Management 



Herman Feshbach 

Chairman, Department of Physics 

University of Miami 

Henry King Stanford 
President 

Eugene H. Man 

Dean, Research Coordinaiion 

Cesare Emiliani 

Chairman, Department of Geology 

•Joseph G. Hirschberg 
Chairman, Department of Physics 

Marshall R. Jones 

Chairman, Department of Psychology 
T. Nejat Veziroglu 

Chairman, Department of Mechanical 
Engineering 

Michigan State University^ 

Clifton R. Wharton, Jr. 
President 

Milton E. Muelder 
Vice President for 
Research and Development 

Robert Barker 

Chairman, Department of Biochemistry 
J. W. Butcher 

Chairman, Department of Zoology 

Truman O. Woodruff 

Chairman, Department of Physics 

University of Michigan, Main Campus 

Charles G. Overberger 
Vice President for Research 
(Jniversity of Michigan 

Thomas M. Dunn 

Chairman, Department of Chemistry 
G, I. Haddad 

Chairman, Department of Electrical 
and Computer Engineenrig 

Robert M. Howe 

Chairman, Department of Aerospace 
Engineering 

Daniel Sinclair 

Chairman, Department of Physics 
J. E, Keith Smith 

Chairman, Department of Psychology 

University of Minnesota, 
Minneapoiis-St. Paul 

Henry Koffler 

Vice President for Academic Affairs 



Rutherford Aris 

Head, Department of Chemical 
Engineering and Materials Science 

Lloyd H. Lofquist 

Chairman, Department of Psychology 

Johannes C. C. Nitsche 
Head, School of Mathematics 

F. E. Shideman 

Head, Department of Pharmacology 
N. J. Simler 

Chairman, Department of Economics 

University of Missouri, Columbia 

A. H. Emmons 
Vice President for Research 
University of Missouri 

Heibert W. Schooling 
Chancellor 

James O. Davis 
Chairman,' Department of 
Physiology 

E. C. A. Runge 

Chairman, Department of Agronomy 
Robert W. Murray 

Chairman, Department of Chemistry 
St. Louis Campus 

Dale A. Neuman 
Chairman, Political Science 
Department, Kansas City Campus 

Laird D. Schearer 
Chairman, Department of Physics 
Roll a Campus 

New York University 

James M. Hester . * 

President 

Sidney G. Roth 
Vice Chancellor for 
Federal Relations 

Alvin I. Kosak 

Chairman, Department of Chemistry 

G. Stotzky 

Chairman, Department of Biology 

North Carolina State University, 
Raleigh 

John T. Caldwell 
Chancellor 

Earl G, Droessler 

Dean for Research Administration 

Thomas S. Elleman 
Head, Department of Nuclear 
Engineering 



Table continues on next page 
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Table C-1 continued 



D.D. Mason 

Head, Department of Statistics 
Samuel B. Tove 

Head, Department of Biochemistry 
University ol North Carolina, Chapel Hill 

George R. Holcomb 

Dean, Research Administration 

Russell F. Christman 
Chairman, Department of Environmental 
Sciences and Engineering 

James H. Crawford, Jr. 
Chairman, Department ct Physics 
and Astronomy 

Thorfias L. Isenhour 

Chairman, Department of Chemistry 

G. P. Manire 

Chairman', Department of Bacteriology 
and Immunology 

Northwestern University 

Robert H. Strotz 
President 

David Mintzer 

Vice President for Research and 
Dean of Science 

Robert L. Letsinger 

Chairman, Department of Chemistry 

Neena B. Schwartz 

Chairman, Department of Biological 

Sciences 
Daniel Zelinsky 

Chairman, Department of Mathematics 

Ohio State University, Main Campus 

Jules B. LaPidus 
Vice Provost and Dean 

Leon M. Dorfman 

Chairman, Department of Chemistry 
Samuel H. Oslpow 

Chairman, Department of Psychology 
Tony J. Peterle • 

Chairman, Department of Zoology 
M. O. Thurston 

Chairman, Department of Electrical 
Engineering 

Pennsylvania State University, 
Main Campus 

R. G. Cunningham 
Vice President for Research and 
Graduate Studies 



Paul Ebaugh 

Associate Dean for Research 
College of Engineering 

Lee C. Eagleton 
Head, Department of Chemical 
Engineering 

Barnes W. McCormick 
Head, Department of Aerospace 
Engineering 

University ot Pennsylvania 

Martin Meyerson 
President 

Reagan A. Scurlock 

Director of Research Administration 

Campbell Laird 

Chairman, Department of Metallurgy 
and Materials Science 

Daniel D. Perlmutter . 
Chairman, Department of Chemical and 
Biochemical Engineering 

Walter D. Wales 

Chairman, Department of Physics 
David White 

Chairman, Department of Chemistry 

University ol Pittsburgh, Main Campus 

Keith Brown 

Chairman, Department of 
Anthropology 

A. David Lazovik 

Chairman, Department of Psychology 
Philip Stehle 

Chairman, Department of Physics 
W. E. Wallace 

Chairman, Department of Chemistry 

Princeton University 

Shoidon Judson 

Chairman, University Research Board 
Marvin Bressler 

Chairman, Department of Sociology 
Sam Glucksberg 

Chairman, Department of Psychology 
Leon Lapidus 

Chairman, Department of Chemical 
Engineering 

Lyman Spitzer, Jr. 

Chairman, Department of Astrophysical 
Sciences 

Purdue University, Main Campus 

Arthur G. Hansen 
President 



F. N. Andrews 

Vice President for Research and 
Dean of the Graduate School 

Struther Arnott 

Head, Department of Biological 
Sciences 

Robert A. Benkeser 

Head, Department of Chemistry 

C. L. Coates 

Head, School of Ehctrical 
Engineering 

James C. Naylor 

Head, Department of Psychological ] 
Sciences 

University o\ Rochester 

David A. McBride 
Director of Research and 
Project Administration 

Paul Horowicz r 
ChairrT\an, Department of Physiology 

A. C. Melissinos 

Chairman, Department of Physics 
and Astronomy 

William H. Riker 
Chairman, Department of 
Political Science 

Rockefeller University 

Albert Gold 

Vice President for Academic Researd 

Rutgers University, New Brunswick 

Edward J. Bloustein 
President 

- :James W. Green 
Acting Dean, The Graduate School 

Saul Amarel 

Chairman, Department of 
Computer Science 

Michael R. D'Amato 

Chairman, Department of Psychology 

J. A. Sauer 

Chairman, Department of Mechanics 
and Materials Science 

Benjamin B. Stout 

Chairman of Biological Sciences 

Harold S. Zapolsky 

Chairman, Department of Physics 

University of Southern California 

Zohrab A. Kaprielian 
Vice President, Academic 
Administration and Research 
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Stanford UnlversUy 

William F. Mossy 

Vice Provost for Research 

Daniel D. Federman 

Chairman, Department of Medicine 

Joshua Lederberg 

Chairman, Department of Genetics 

John G. Linvill 

Chairman, Department of Eiectrical 
Engineering 

W. Richard. Scott 
Executive Head, Department of 
Sociology 

E. E. van Tamelen 

Chairman, Department of Chemistry 

University of Tennessee, Knoxvllte 

Edward J. Boling 
President 

Cari O. Thomas 
Dean for Research 

C. W. Keenan 

Associate Dean, College of 
Liberal Arts 

Kenneth W. Heathlngton 
Director, Transportation Center 

Homer F. Johnson 
Head, Department of Chemical and 
Metallurgical Engineering 

Texas A&M University 

Jack K. Williams 
President 

Robert R. Berg 

Director, Office of University Research 
Newton C. Ellis 

Head, Department of Industrial 
Engineering 

Richard A. Geyer 

Head, Department of Oceanography 

John Richard Seed 

Head, Department of Biology 

University of Texas, Austin 

George R. Blitch 

Director of Research Management 
Philip B. Gough 

Chairman, Department of Psychology 

Thomas A. Griffy 

Chairman, Department of Physics 

Harlan J. Smith 

Chairman, Department of Astronomy and 
Director, McDonald Observatory 



University of Utah 

David P. Gardner 
President 

W. S. Partridge 

Vice President for Research 

Edward M. Eyring 

Chairman, Department of Chemistry 
Richard W. Grow 

Chairman, Department of Electrical 
Engineering 

S. H. Ward 

Chairman, Department of Geology 
and Geophysics 

Vanderbilt University 

Alexander Heard 
Chancellor 

Howard L. Hartman 

Dean, School of Engineering 

Wendell G. Holladay 

Dean, College of Arts and Science 

Mark M. Jones 

Chairman, Department of Chemistry 
Oscar Touster 

Chairman, Department of Molecular 
Biology 

Mayer N. Zald 

Chairman, Department of Sociology 
and Anthropology 

Washington University, St. Louis 

William H. Danforth 
Chancellor 

Linda S. Wilson 
Associate Vice Chancellor 
for Research 

W. M. Cowan 

Director, Division of Biology and 
Biomedical Sciences 

Jerome R. Cox, Jr. 
Chairman, Department of Computer 
Science 

Luis Glaser 

Chairman, Department of Biological - 
Chemistry 

R. E. Norberg 

Chairman. Department of Physics 
T. T. Sandel 

Chairman, Department of Psychology 

University of Washington 

John R. Hogness 
President 



Daniel G. Dow 

Chairman, Department of Electrical 
Engineering 

Ernest M. Henley 

Chairman, Department of Physics 

Earl Hunt 

Chairman, Department of Psychology 
Douglass C. North 

Chairman, Department of Economics 

University of Wisconsin, Madison 

Edwin Young 
Chancellor 

William C. Burns 

Chairman, Department of Zoology 
Marvin E. Ebel 

Chairman, Department of Physics 

Warren E. Stewart 
Chairman, Department of Chemical 
Engineering 

Yale University 

Arthur M. Ross 

Assistant to the Deputy Provost 
for the Sciences 

D. Allan Bromley 

Chairman, Department of Physics 
Wendell R. Garner 

Chairman, Department of Psychology 
James Tobin 

Chairman, Department of Economics 
Charles A. Walker 

Chairman, Department of Engineering 
and Applied Science 

Yeshlva University 

Joshua A, Fishman 
Vice President for 
Academic Affairs 

Lewis Coburn 

Chairman, Department of Mathematics 
Joel L. Lebowitz 

Chairman, Department of Physics 

Dominick P. Purpura 

Chairman, Department of Neurological 

Science 
Sam Seifter 

Chairman, Department of Biochemistry 
Lillian J. Zach 

Chairman, Department of Psychology 
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Table C-2.— List of Respondents from Research Universities II 



University of Arkansas, Main Campus 

Charles E. Bishop 
President 

Aubrey E. Harvey 

Coordinator of University Researchi 
D. A. HInkle 

Head, Department of Agronomy 
Lester C. Howlck 

Chairman, Department of Chiemistry 
F. D. Miner 

Head. Department of Entomology 

Auburn University, Main Campus 

Harry M. Philpott 
President 

Chester C. Carroll 

Vice President for Researcii 

Howard Carr 

Head, Department of Piiysics 

B. Eugene Griessman 
Head, Department of Sociology and 
Anthropology 

J. David Irwin 

Head, Department of Electrical 
Engineering 

Donald M. Vestal, Jr. 
Head. Department of 
Mechanical Engineering 

Boston University 

John R. Silber 
President 

Bayley F. Mason 

Vice President for Resources 

Norman N. Lichtin 

Chairman, Department of Chemistry 

Michael D. Papagiannis 

Chairman, Department of Astronomy 

George O. Zimmerman 
Chairman, Department of Physics 

Brandeis University 

Marver H. Bernstein 
President 
and 

Jack S. Goldstein 
Dean of Faculty 

Sanford M. Birnbaum 

Administrator of Sponsored Programs 



Harlyn O. Halvorson 
Director, Rosenstiel Basic Medical 
Sciences Research Center 

Jerome P. Levine 

Chairman, Department of Mathematics 

Brown University 

Maurice Glicksman 

Dean of the Graduate School 

Elizabeth H. Leduc 
Dean of the Division of Biological 
and Medical Sciences 

Rodney J. Clifton 
Chairman, Executive Committee, 
Division of Engineering 

Jack K. Hale 

Chairman, Division of Applied 
Mathematics 

Robert M. Marsh 

Chairman, Department of Sociology 
Phillip J. Stiles 

Chairman, Department of Physics 

Carnegie-Mellon University 

Richard M. Cyert 
President 

Edward R. Schatz 
Provost and Vice President 
for Academic Affairs 

Tomlinson Fort, Jr. 
Head, Department of Chemical 
Engineering 

S. A. Friedberg 

Chairman, Department of Physics 
Lester B. Lave 

Head, Department of Economics 
J. F. Traub 

Head, Department of Computer 
Science 

Catholic University of America 

Clarence C. Walton 
President 

Benedict T. DeCicco 

Chairman, Department of Biology 

University of Cincinnati, Main Campus 

Frank R. Tepe, Jr. 
Assistant University Dean for 

Graduate Education and Research 



Claremont Graduate School 

Barnaby C. Keeney 
President 

Paul A. Albrecht 
Dean 

Colorado State University 

A. R. Chamberlain 
President ■ 

George G. Olson 

Vice President for Research 

J. W. N. Fead 

Head, Department of Civil Engineering 

University of Connecticut, Main Campus 

Glenn W. Ferguson 
President 

Hugh Clark 

Associate Dean, The Graduate School 

Joseph I. Budnick 

Chairman, Department of Physics 

William V. D'Antonio 

Chairman, Department of Sociology 

A. T. DiBenedetto 
Head, Department of Chemical 
Engineering 

William K. Purves 
Executive Officer, The Biological 
Sciences Group 

W. R. Vaughan 

Head, Department of Chemistry 

Emory University, Main Campus 

Sanford S. Atwood 
President 

Asa A. Humphries, Jr. 
Chairman, Department of Biology 

Leon Mandell 

Chairman, Department of Chemistry 

Florida State University 

Stanley Marshall 
President 

Robert M. Johnson 

Provost, Graduate Studies and Research 
Walter Dick 

Leader, Instructional Design 
and Development Program 

Steve Edwards 

Chairman, Department of Physics 
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George Washington University 

Carl J. Lange 

Assistant Vice President for Research 
Louis H. Mayo 

Director, Program of Policy Studies 
in Science and Technology 

Charles T. Stewart 

Chairman, Department of Economics 
Richard D. Walk 

Chairman, Department of Psychology 

Georgia Institute of Technology, 
Main Campus 

Thonhas E. Stelson 

Vice President for Research 

J. A. Berlrand 

Director, School of Chemistry 
A. L. Ducoffe 

Director, School of Aerospace 
Engineering 

W. Denney Freeston, Jr. 

Director, School of Textile Engineering 

Demetrius T. Paris 
Director, School of Electrical 
Engineering 

Illinois Institute of Technology 

Thomas L. Martin, Jr. 
President 

Sidney A. Guralnick 

Dean of the Graduate School 

Leonard I. Grossweiner 
Chairman, Department of Physics 

David B, Hershenson 
Chairman, Department of Psychology 
and Education 

Sudhir Kumar 

Chairman, Department of Mechanics and 
Mechanical and Aerospace Engineering 

D. T. Wasan 

Chairman, Department of Chemical 
Engineering 

Indiana University, Bloomington 

Dean Fraser 

Chairman, Department of Microbiology 

■ Irving J. Saltzman ; '\ 

Chairman, Department of Psychology 

John H. Sinclair 

Chairman, Department of Zoology 



Maynard Thompson 

Chairman, Department of Mathematics 

Iowa State University of 
Science and Technology 

W. Robert Parks 
President 

George Burnet 

Head, Departmom of Chemical 
Engineering and 
Nuclear Engineering 

Carl E. Ekberg, Jr. 

Head, Department of Civil Engineering 
R. E. McCarley 

Chairman, Department of Chemistry 

Kansas State University of 
Agriculture and Applied Sciences 

James A. McCain 
President 

R. F. Kruh 

Dean of the Graduate School 
David J. Cox 

Head, Department of Biochemistry 

William G. Fateley 

Head, Department of Chemistry 

C. E. Hathaway 

Head, Department of Physics 

University of Kansas 

Archie R. Dykes 
Chancellor 

Henry L. Snyder 

Dean, Research Administration 

Brower R. Burchill 
Chairman, Division of Biological 
Sciences 

J. A. Landgrebe 

Chairman, Department of Chemistry 

Louisiana State University, 
Baton Rouge 

Paul W. Murrill 
Chancellor 

R. G. Goodrich 

Chairman, Department of Physics 
and Astronomy 

J. A. Polack 

Head, Department of Chemical 
Engineering 



Laurence Siege! 

Chairman, Department of Psychology 

University of Massachusetts, Amherst 

Randolph W. Bromery 
Chancellor 

N. J. Demerath. Ill 

Chairman, Department of Sociology 

John W. Donahoe 
Acting Chairman, Department of 
Psychology 

R. C. Fuller 

Chairman, Department of Biochemistry 

Roger S. Porter 
Head, Department of Polymer 
Science and Engineering 

Merit P. White 

Head, Department of Civil Engineering 

Mississippi State University 

William L. Giles 
President 

J. Chester McKee 
Vice President for Research 
and Dean of The Graduate School 

B. J. Ball 

Head, Department of Electrical 
Engineering 

Donald W. Emerich 

Head, Department of Chemistry 

James D. Lancaster 

Agronomist, Department of Agronomy 

John T. Morrow 

Professor, Department of Zoology 

John Saunders , 

Head, Department of Sociology 

University of Nebraska, Main Campus 

James H. Zumberge 
Chancellor 

Duane Acker 
Vice Chancellor 

W. E. Splinter 

Chairman, Department of Agricultural 
Engineering 

Glen J. Vollmar 

Chairman: Department of Agricultural 
Economics 
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Table C-2 continued 



University of New '^--^^ 
Graduate Center 

Max K. Hecht 

Chairman, Department i 
Queens College 

State University ol Kevv talo, 
Main Campus 

Albert Somit 
Executivf) Vice Presiden 

Robert C. Fitzpatrick 

Acting Vice-President fonftns' '^rch 

Stanley Bruckenstein 

Chairman, Department of C: mistry 

Paul L. Garvin . 

Chairman, Department of Li; ^uistics 

Chester C. Langway, Jr. 
Chairman, Department of Geological 
Sciences 

George C. Lee 

Chairman, Department of Civil 
Engineering 

Lester W. Mllbrath 
Director, Social Science Research 
Institute 

Donald B. Rosenthal 
Vice Chairman, Department of 
Political Science 

Oklahoma State University, Main Campus 

James H. Boggs 

Vice President for Academic Affairs 

William L. Hughes 
Head, School of Electrical 
Engineering 

W. E. Jaynes 

Head, Department of Psychology 
Roger E. Koeppe 

Head, Department of Biochemistry 
W. A. Sibley 

Head, Department of Physics 

University of Oklahoma, Main Campus 

Charles W. Bert 
Director, School of Aerospace, 
Mechanical, and Nuclear Engineering 

Victor H. Hutchison 

Chairman, Department of Zoology 

Charles J. Mankin 
Director, School of Geology 
and Geophysics 



Thome i V. iiLsn ' 
Ch airman, fJepF^—. -r^of Geogn ohy 

Oregon Slate Lr*K^^*f^-tirJi7 

Robert MacVics 
President 

Roy A. Young 

Vice President for Research 
and Graduate Studies 

P. R. Elliker 

Chairman, Department of Microbiolog ' 

E. Wendell Hevi^v.^on 

Chairman, Dezz^'tment of Atmospheric 
Sciences 

Thomas C, M^ore 
Chairman, Department of Botany 
and Plant Pathology 

David P. Shoemaker 

Chairman, Department of Chemistry 

University of Oregon, Main Campus 

Aaron Novick 

Dean, The Graduate School 

Marvin D. Girardeau 

Chairman, Department of Physics 

F. W. Munz 

Acting Head, Department of Biology 

Richard M. Noyes 

Head, Department of Chemistry 

Peter H. von Hippel 
Director, Institute of Molecular 
Biology 

Rice University 

Norman Hackerman 
President 

and 
W. E. Gordon 

Dean of Science and Engineering 
and 

G. J. Schroepfer, Jr. 

Chairman, Department of Biochemistry 

John L. Margrave 

Dean, Advanced Studies and Research 
J. L. Franklin 

Chairman, Department of Chemistry 
J. D. Heliums 

Chairman. Department of Chemical 
Engineering 

Robert M. Thrall 

Chairman, Department of Mathematical 
Sciences 



G. r WHHers 

Char 'n-ar; OBj^rtment of Physics 

Syracuse University 

MelN-r r Eggers 

- or 



3ey 

.-.dent for Research and 



Cha- 

D. E ' 

Vice- 
Ghi ' y^'.e Affairs 

Natr^yn C-Jnsburg 

Chaurr DBpartmerrt of. Physics 



Dor 

Oha 



3- Lundgren 

j7. Department of Biology 



<ln N. Tong 

Chairman, Department of Mechanical 
and Aerospace Engineering 

Temple University 

Edwin P. Adkins 
Associate Vice President 
Research and Program Developmen 

David G. Berger 

Chairman, Department of Sociology 

Stephen T. Takats 

Professor, Department of Biology 

Tufts University 

Burton C. Hallowell 
President 

A. M. Cormack 

Chairman, Department of Physics 
Arthur Uhlir. Jr. 

Chairman, Department of Electrical 
Engineering 

Tulane University 

Herbert E. Longenecker 
President 

Peter J. Gerone- 

Director, Delta Regional Primate 
Research Center 

University of Virginia, Main Campus 

Frank L. Hereford, Jr. 
President 

David A. Shannon 

Vice President and Provost 

A. R. Kuhlthau 

Chairman, Department of Engineering 
Science and Systems 
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Kevin McCrimrrion 

Chairman, Department of Mathematics 

Oscar L. Miller. Jr. 

Chairman, Department of Biology 

Richard T. Selden 

Chairman, Department of Economics 

Virginia Polytechnic Institute 
and State University 

W. E. Lavery 
President 

Randal M. Robertson 
Dean, Research Division 

Alan Walter Steiss 
Associate Dean 
College of Architecture 

Alan F. Clifford 

Head, Department of Chemistry 

Daniel Frederick 
Head, Engineering Science and 
Mechanics Department 

James McD. Grayson 

Head, Department of Entomology 

Wilson Schmidt 

Head, Department of Economics 

Washington State University 

Glenn Terrell 
President 

C. J. Nyman 

Dean, The Graduate School 
Roger D. Willett 

Chairman, Department of Chemistry 

Wayne State University 

Thomas J. Curtin 
Director, Research and Sponsored 
Programs Service 

G, B. Beard 

Chairman, Department of Physics 
J. Ross Eshleman 

Chairman, Department of Sociology 
John D. Taylor 

Chairman, Department of Biology 

West Virginia University, Main Campus 

James G. Harlow 
President 



Pr ■•^n forB'- 'iz ,irch and 

Cr.ar nan. Z'.y^\:iartnent of Psychology 

Cr.' J/;. u> . nent of Ecanomics 

Cr 1 ^'rirtf rvent of Physics 

C ' 

Cf Tr-nr ; 7 - lenf of Chemical 
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Table C-3.— List of Respondents from Industry 



Allegheny Ludlum Industries, Inc. 

Robert J. Buckley 
President 

Allied Chemical 

David H. Bradford, Jr. 
President 

Robert G. Denkewalter 

Vice President, Research & Technology 

Allis-Chalmers Corporation 

Gerald T. Petersen 

Director, Advanced Technology Center 

Robert B. Benson 

Director of Patent Law Department 

Aluminum Company of America 

W. H. Krome George 

President & Chief Executive Officer 

Allen S. Russell 

Vice President, Alcoa Laboratories 

American Can Company 

Herbert E. Hirschland 

Vice President, Technology & Development 

Ampex Corporation 

Victor E. Ragosine 
Vice President-General Manager 
Advanced Technology Division 

Anheuser-Busch, Inc. 

P. A. Clayton 
Director of Research 

Armco Steel Corporation 

L. F. Weltzenkorn 
Sen/or Vice President 
Research & Technology 

Arnsstrong Cork Company 

J /E Hazeltine, Jr. 
X' '.^'President and 
Director of Research 

AVCO Corporation 

George L. Hogeman 

President and Chief Operating Officer 

Avery Products Corporation 

Ernest F. Hare 

Senior Member, Technical Staff 



Baxter Laboratories, Inc. 

Richard S. Wilbur 
Senior Vice President 

Bechtel Corporation 

D. Furlong 
Vice President 

Bell Laboratories 

N. B. Hannay 
Wee President 
Research and Patents 

Bell & Howell 

Dexter P. Cooper, Jr. 
Wee President 

Bethlehem Steel Corporation 

D. J. Blickwede 
Wee President and 
Director of Research 

The Boeing Company 

George S. Schairer 

Wee President - Research 

Borg-Wamer Corporation 

Donald W. Collier 

Wee President - Technology 

Burtington Industries, Inc. 

George E Norman, Jr. 
Wee President 

Carnation Company 

J. M. Melntire 

General Manager of Research 

Celanese Corporation 

aeiner G. Stoll 

Wee President - Technical Director 

The Coca-Cola Company 

Roberto C. Goizueta 

Executive Vice President, Technical 

Darshan S. Bhatia 
Director of Research 

Commonwealth Edison 

E. J. Steeve 
Research Engineer 
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Consolidation Coai Compar^^ . inc. 

W. N. Poundstone 
Executive Vice President 

Continental Can Company, mr:. 

Robert E.. Mesrobian 

Vice President Research & Engineering 

Cutter Laboratories, Inc. 

Kenneth E. Hamlin 
Sen/or Wee President, Research & 
Quality Assurance 

Dow Chemical U.S.A. 
M. E. Pruitt 

Vice President and Director of 
Research and Development U.S. 

Eastman Kodak Company 

Wesley T. Hanson. Jr. 
Vice President and Director 
Research Laboratories 

E. I. du Pont de Nemours & Company, Ins. 

E. R. Kane 
President 

Eli Lilly andCompany 

C. W. Pettirasa 
Executive Vice President 

Environmental Research and 
Technology, Inc. 

Robert A. Stauffer 
Vice President 

Exxon Research and Engineering Company 

N. V. Hakala 
President 

Fairchild Camera and Instrument Cornoraiton 

James M. Early 
Division Vice President 
Fairchild Research and DeveiDpment Division 

Ford Motor Company 

Lee A. lacocca 
President 

W. Dale Compton 

Vice President. Scientific^ReseBvch 



The Foxhi2ro Comparry 

John W. BL -Tiard 
Director of Research 

The Gates Rubber Cjiiaa n?' 

George H. Jenkins 
Wee President 

General Electric Company 

Reginald H. Jones 
Chairman of the Board 

Arthur M. Bueche 
Wee President 
Research and Development 

Seneral Foods Corporation 

A. S. Clausi 

Wee President, Corporate Research 

General Motors Corporation 

Paul F. Chenea 
Wee President 

General Technical Ssnrices, Inc. 
A. S. Iberall 

Chief Scientist and President 

The B. F. Goodrich Company 

Rnbert J. Fawcett 
V/i:ce President 
Research and Development 

The Goodyear Tire and Rubber Company 

John H. Gerstenmaisr 
r^^rosident 

Gulf Oil Corporation 

James E. Lee 
President 

Gulf Research and DeveHzn^ment Company 

~ R. Hopkins 

'■'rssident 

iraneyve&lU Inc. 

Vian W. Scsaringer 
'/ce Pr^fdont 
Scierrce ^nd.Engineentig 

IrrternaliaF&aiiBiJsiness Kft^hlnes Corporation 

Lewis M aranscomb 

Wee Prmndent and Chi&rS^entist 
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Ralpr E. Gomory 
Vice r-resident an^ 
Dimctor of Res:^rch 

International Telesnreos&r^ncJ Telegraph Corp. 

Albert E. Cooksor 
Senior Vrce Presiaun 
GenerrJ Technicrji .L", riczo.'- 

Johnson & Johnscnr 

Foster B. Whitloc- 

Vice Chairman of 'he Boarc 

Johnson & Johnsw International 

R. A. Fuller 
Vice Chairman 

S. C. Johnson ant£3on, Inc. 

Ward J. Haas 
Vice President 
Corporate Research and Development 

Jones & Laughlin^^Steel Coxsroraj^isn 

James T. Bradforci..Jr. 

Vi::B. President. Research ^ Engineering 

Kaiser Aluminum & Chemical Corporation 

D. J. McPh»33CT^ 
Vice Presidents';^ Directed 
of Techno:la]iy* 

Koppers Ccomzsny, Inc. 

William N. ^tezay 

Vice Presicsrr^ and Director of Resz-Brch 

Wayne E. Kniht: 

Pro 3 iom ' 'Engjn ^er 

Lewsr ©rotters 'Cbmraany, Inc. 

/?sSt«^ f ^h V: :M^:-r-— JSo^G?^ t 

Lockheed^4iarcT3St Scqsoratlon 

A, Carl Koirr?.iBT 
President 

Willis M.-Hswkr: . 
Senior Advtscr 

MallinckrocititlS^intQsiii Works 

G eo rg e B. Vermon t 
Director. ResBsrcn 8l. Development 
Food, Drug.8i Cnsmetic Chemicals . 



. r. Mallory & Co., Inc. 

71> r Wolsky 

-tor, Researcfi & Development 

Ss^rck Sharp & Dohme Research Laboratories 

- ^:Try J. Robinson 

v!Ct President for Scientific Affairs 

mije Safety Appliances Company 

=nk W. Smith 
President 

m^nesoia Mining and Manufacturing Company 

Hrniert M. Adams 

Vr::^' President, Research & Development 

Mnnsanto Company 

B^. Williams 

D-ector, Corporate Research 

Motorola Inc. 

Daniel E. Noble 

Chairman, Science Advisory Bo :^rd 

3Morthrop Corporation 

Kent Kresa 

Vice President & (Manager 

PPG Industries, Inc. 

H. W. Rahn 

Director, Research & Development 
Chemical Division 

Packard Instrument Company, Inc. 

Edward J. Rapetti 
Ves/denf 

Pfizer Inc. 

Gerald D, Laubach 
President 

'^laroid Corporation 

:55Teldon A. Buckler 
'■^'rae President 

The Proctor & Gamble Company 

Ji}t\n G. Smale 
President 

Hri.Tecklenburg 

\£^:irB President, Research & Development 
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RCA 

James Hilner 
^Executive Vice President 
Re^arch and Engineering 

fRayttieon Company 

Thomas L. Phillips 
Chairman 

Rockwell International 

C. J. Meechan 

Vice President, Researcii an-rf 



Engineering 



St Regis Paper Company 

I. H. Stcckel 

Director: Researcii & Deveiopment 

Scott Paper Company 

Vincent A. Russo 
Division Vice President 
Resoarcti Development 

Stiell; Oil Conrpany 

H.. Bridges 
President 

The Singer Company 

John K. Bragg 
Director of Researcii 

Sperry Rand Corporation 

E. McDonald 
President 

Leonard Swern 

Director of Teciinical Programs 

Sprague Electric Company 
Sidney D. Ross 

Director, Corporate Researcii fit-feye/opmnm 

Standard Oil Company of California 

:ED. Kane 
Vice President 

iCtievron Oil Field Research Company 

• N. A. Riley 
^President 

J..P. Stevens and Company, Inc. 

fFrank X. Werber 
Vice President 
Researcii & Development 



SwIh & Ca«apaRr 

Richard A. Gree^rCierg 

Vice Pres^ent, Research & Developmnnt 



Tej*«5o tnc. 

Jor. K. .V.cKirey 
Preaidenr 

Te;ias Instnxni^rents incorporated 

Mark Shep^i^:. Jr. 
President 

TRW Inc. 

Ruben F. tw'felt'^er 
President 

Davvd B. Lamnnuir 
Research Consultant 
Trm/ SysTBrns Group 

Union Oarbme Corporation 

litiomas R. .r;i!i!ler 
Vice Presiderrt 

ijxuted Statess-Gypsum Company 

^ N. Walker 

^r^cfor. Rejimifch & Development 

(iUiited States Steel Corporation 

w R. Ferguson;. Jr. 
Er -^ou^ive Vice President, 
z''^^':. nee ring and Research 

J.: r Gross 
Drr.f:ft*7r^- Research 

{jr^^^Jrstii 0\\ Prod^ixrts Company 

J. U3Giin 

Pfet^r^Bnzzanci Chairrrmn of the Boarti 
Via: .mir-Haenfsel 

i/Zc: President. Science and Technology 

llhe Upjohn Company 

W. N. Hubbard. Jr. 
President 

Varian Associates 

Norman F. Parker 
President 

Warner-Lambert Company 

D. A. Buyske 

Vice President 
Research & Development 
Professional Products. Groim 
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Table C-3 continued 



Westlnghouge Electric Corporation 

George F. Mechlin 
Vice President, f^esearch 

Westvaco 

Alfred H. Nissan 
Vice President and 
Corporate Research Director 

Weyerhaeuser Company 

A. S. Gregory 
Director 

Central Research and Development 



Whittaker Corporation 

Jczseph F. Allbrandl 
Resident 

Joseph Kleiman 
fen/or Vice President 

^e^x Sosnell 
J.fvisicn Manager 

ferox Corporation 

A. R. McCardell 

-resident 

3=Tnrge L. Pake 
President 



Table C-4.— List of Respondents Responsible ior R&D at Govemfftwssit Departments and Agencies 



Department of Agriculture 

T. W. Edminster 
Administrator 
Agricultural Research Service 

Department of Commerce 

Betsy Ancker-Johnson 
Assistant Secretary for 
Science and Technology 

Department of Defense 

Malcolm R. Currie 
Director of Defense Research 
and Engineering 

Energy Research and Development Administration 

John M.^eem 

Assistant Administrator for Solar, Geothermal 
and Advanced Energy Systems 



Envirmtment»l7*ratection Agency 

Wilson K.TaiifJ^i^ 
Assistant Axjimni^itistur for 
ReBBsrctr^mti iV^elapmsnt 

Depssnmertx:^ Health^Hdsicaticsn. 
and ^elis^ 

Phiitp:S,X:nBn. Jr. 
AssistantJBrBCt'Dr for 

Ir^mcmi'i'^'i^airs 

^^t^o^Hf:./TErrr^^i/fes of Health 

Nabsraal Aernnsaitlcs and SpacB^AdniMstration 

John Naugt^i^. 

A c ting A ssnciane^dm irjs tra tor 

Department of '^^n iportatlon 

William C.^tekje- 

DepuP\' Asssistanr Secretary for Systems 
Err^'neiiring 
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Table List of Respondents from Intramural Federal Laboratories 



Department of Agriculture 

Forest Products Laboratory 
Jerome F. Saeman 
Acting Director 

National Animal Disease Center 

Phillip A, O'Berry 

Director 

Eastern Regional Research Center 

I. A. Wolff 

Director 

Northern Regional Research Center 

W, H, Tallent 

Acting Center Director 

Western Regional Research Laboratory 

A. 1. Morgan, Jr. 

Director 

Department of Commerce 

National Bureau of Sta-^dards 
Richard W. Roberts 
Director 

National Oceanic anc Atmospheric Administration 
Environmental Reseam Laboratories 
W. N. Hess 
Director 

Department of Defense 

Aerospace Research Laboratories (AFSC) 

Robert W. Milling 

Commander 

Air Force Cambridge Research Laboratories (AFSC) 

Bernard S. Morgan, Jr. 

Commander 

Harry Diamond Laboratories 
William W. Carter 
Technical Director, Acting 

Naval Research Laboratory 

J. T. Geary 

Director 

Naval Surface Weapons Center 
J. E. Colvard 
Technical Director 

Naval Weapons Center 
G. L. Hcllingsworth 
Technical Director 

Picatinny Arsenal 
Harry W. Painter 
Technical Director 



U. S. Army Ballistic Research Laboratories 

R. J. Eichelberger 

Director 

U.S. Army Missile Research, 

Development and Engineering Laboratory 
John L, McDaniel. 
Director 

U.S. Army Natick Development Center 
Rufus E. Lester, Jr. 
Comrnanding Officer 

Department of Health, L:ducatlon and Welfare 

Center for Disease Conlrol 

Roslyn Q, Robinson 

Director, Bureau of Laboratories 

National institute of Mental Health 

John C. Eberhart 

Director of Intramural Research 

Department of the Interior 

Bureau of Mines 

Salt Lake City Metallurgy Research Center 
Joe B. Rosenbaum 
Consulting l^etallurgist 

Fish and Wildlife Service 
Robert E. Putz 

Deputy Associate Director - Research 

National Aeronautics and Space Administration 

Ames Research Center 
Hans Mark 
Director 

George C. Marshall Space Flight Center 

W. R. Lucas 

Director 

Goddard Space Flight Center 
Michael J, Vaccaro 
Associate Deputy Director 

Langley Research Center 
Edgar M. Cortright 
Director 

Lewis Research Center 
Bruce T. Lundin 
Director 

Department of Transportation 

Transportation Systems Center 
Robert K. Whitford 
Acting Director 
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Table C-6.— LIsl of Respondents from Federally Funded Research and Development 



The Aerospace Corporation 

Ivan A. Getting 
President 

Ames Laboratory ERDA 

(Iowa State University of Science 
and Technology) 

Robert S. Hansen 
Director 

Analytic Services, Inc. (ANSER) 

Stanley J. Lawwill 
President 

Applied Physics Laboratory 

(The Johns Hopkins University) 

A. Kossiakoff 
Director 

Applied Research Laboratory 

(The Pennsylvania State University) 

John C. Johnson 
Director 

Argonne National Laboratory 

(University of Chicago and Argonne 
Universities Assn.) 

Robert G. Sachs 
Director 

Atomic Bomb Casualty Commission 
(ceased April 1, 1975) 

National Academy of Sciences 
Aaron Rosenthal 
Comptroller - NAS 

Brookhaven National Laboratory 

(Associated Universities. Inc.) 
George H. Vineyard 
Director 

Cerro-Tololo Inter-Amerlcan Observatory 

(Association of Universities for 
Research in Astronomy, Inc.) 
Victor M. Blanco 
Director 

Fermi National Accelerator Laboratory 

(Universities Research Association, Inc.) 
Edwin L. Goldwasser 
Deputy Director 

Hanford Engineering Development Laboratory 

(Westinghouse Hanford Company) 

A. Squire 

Director 



Institute lor Defense Analyses (IDA) 

S. J. Deitchman 

Assistant Vice President for Research 

Kitt Peak National Observatory 

(Association of Universities for 
Research in Astronomy, Inc.) 

Leo Goldberg 
Director 

Lawrence Berkeley Laboratory 

(University of California) 

Andrew M. Sessler 
Director 

Lincoln Laboratory 

(Massachusetts Institute of Technology) 

Walter E. Morrow^ Jr. 
Associate Director 

Liquid Metal Engineering Center 

(Rockwell International Corporation) 

J. C. Cochran 
Vice President 

Los Alamos Scientific Laboratory 

(University of California) 

H. M. Agnew 
Director 

National Center for Atmospheric Research 

(University Corporation for Atmospheric Research) 

John W. Firor 
Executive Director 

National Radio Astronomy Observatory 

(Associated Universities, Inc.) 

D. S. Heeschen 
Director 

Pacific Northvjest Laboratories 

(Battelle) 

Edward L. A!y -sn 
Director 

RAND CoffToration 

Donald B. Rice 
President 

Savannah River Laboratory _ 

(E. I. du Pont de Nemours & Company. Inc.) 

C. H. Ice 
Director 
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Stanford Linear Accelerator Center 

(Stanford University) 

W. K. H. Panofsky 
Director 



Space Radiation Effects Laboratory 

(College of William and Mary) 

Robert T. Siegel 
Director 



Table C-7.— List of Respondents from Independent Research Institutes 



American Institutes for Research In the 
Behavioral Sciences 

Paul A. Schwarz 
President 

Battelle Memorial Institute 

S. L. Fawcett 
President 

Boyce Thompson Institute for Plant 
Research, Inc. 

R. H. Wellman 
Managing Director 

Fo^syt^1 Dental Center 

John W. Hein 
Director 

The Franklin Institute 

Bowen C. Dees 
President 

Hudson Institute 

Herman Kahn 
Director 

Institutes of Medical Sciences 

George Z. Williams 

Director, Institute of Health Research 

Mayo Foundation 

Atherton Bean 
Chairmarj 

Midwest Research Institute 

John McKelvey 
Presidef}t 

National Bureau of Economic Research, Inc. 

John R. Meyer 
President 

National Opinion Research Center 

Norman M. Bradburn 
President 



Oklahoma Medical Research Foundation 

Clayton S. White 
President 

Oregon Regional Primate Research Center 

William Montagna 
Director 

The Public Health Research Institute of the 
City of New York, Inc. 

George K. Hirst 
President and Director 

Research for Better Schools, Inc. 

Robert G. Scanlon 
Executive Director 

TheSalk Institute 

Frederic de Hoffmann 
President 

Southern Research Institute 

R. D. Osgood, Jr. 
Executive Vice President 

Southwest Research Institute 

Martin Goland 
President 

Stanford Research Institute 

Charles A. Anderson 

President and Chief Executive Officer 

Syracuse University Research Corporation 

Charles R. Wayne 

Executive Vice President and General 
(Manager 

University City Science Center 

Randall M. Whaley 
President 
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Appendix D 

COMPLETE LIST OF ISSUES 

TAKEN FROM THE RESPONSE LETTERS 



This apptmdix lists all the issues taktin fronn the response letters, if they were 
mentioned frequently enough to beiraad?- lategoiries in the content analysis. Thus the 
very infrequently mentioned problems i;- ^'ulutioins are not listed. The issues from each 
research sector are shown on a separarisi rble. On each table, the issues for that sector 
are listed apprcrximately in the ordjsr ci their frequency of mention by all the 
respondents for that sector taken togstfei. :. Appendix E shows the order of mention of 
the most frequently mentioned issues sj^y the various classes of respondents within 
each senior. 
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Table D-1.— Complete List of Issues Taken from University Sector 



There is pressure for applied research In preference to basic or pure research;, projects 
are overly "targeted" or their subjects too minutely defined. 
There is need for more continuity and stability in government funding of research; 
research grants should be longer. 

Hiring and research support problems are experienced by younger faculty; departments 

cannot hire because of tenure— older faculty do not leave. 

The continued supply of manpower to do research must be insured. 

More co-ordination of research at the national level, more consistent policy, and more 

planning are needed; this applies to the amount and l<inds of research desired, and also 

to the amount and kinds of research manpower desired. 

More support is needed for graduate studies. 

More money In general Is needed for research; there should be more basic research. 
The public has a negative attitude toward science and technology. 
Government (State, local, or Federal) or one of Its branches or agencies has a negative 
attitude toward science and technology. 

Funds are needed for research equipment, instrumentation, and maintenance. 
Increased teaching loads take time away from research. 

More support for university research should be supplied at the institutional level. 

A program of education or communication is needed to convince the public and government 

of the value of research. 

Problems peculiar to the individual research disciplines are mentioned. 

There are excessive demands for accountability in the use of funds provided by 

government. 

There Is the threat of legislative interference in the making of grants and the choice 
of research areas or In the organization of the research effort. 
Other needs for funds (e.g., seed money for-new research ventures). 
Enrollments in science are declining; graduate students are less capable currently 
than they used to be. 

Problem areas are suggested in which research would benefit the public. 
General problems of faculty— in particular, morale; more money is needed to pay 
faculty. 

Regulations are imposed by government, In order to enforce certain public policies, that 
are excessive or irrelevant to the conduct of research and therefore hinder it. 
The peer-review system must be maintained. 

More interdisciplinary research is needed; organizations should be set up for it. 
It is difficult to keep up the vitality of a department's research effort with fewer 
graduate students and young faculty. 
New Ph.D.'s cannot find jobs. 

Distribution of funds should be based on size or reputed quality of institutions, not 

on geographical balance. 

More support Is needed for postdoctoral studies. 

Competition with other research sectors Is undesirable and should be minimized. 
More funds are needed to pay support personnel on research projects. 
Specialized research Institutes should be set up in certain research areas. 
Universities must adapt themselves to the new economic situation. 
The grant-making process is slow and wastes the researchers' time. 
In general, there Is overregulation of research by government. 
Distribution of funds should be based on geographical balance, not on the size or 
reputed quality of institutions. 

Research support at the institutional level is undesirable. 
Interdisciplinary research is being overdone. ^ 
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Table Complete List of Issues Taken from Industry Sector 



Government regulations and controls (unreasonable, not thought out, no cost/benefit/risk 
analysis). 

Absence of national science and technology policy, priorities or goals. 
Near-term relevance Is only research objective (due to government regulations or 
decentralization of research to profit centers). 

General economic conditions, particularly Inflation In salaries and laboratory costs, lead 
to decreases in fundamental research In industry. 

Low public confidence in and/or poor image of science, technology, research or scientists. 
Lack of availability of money, low profitability or obstacles to capital formation lead to decreases 
in fundamental research In Industry. 

Concern over general decrease In fundamental and other research In industry. 
Deteriorating patent protection or patent policy is a disincentive to Industrial research 
and Innovation. 

Too few/too many scientific and technical personnel— no match with need— lack of national 
policy on scientific and technical personnel. 

Competing R&D functions (e.g., applied research or development In response to government 
regulations) decrease fundamental research in industry. 

Concern about quality of new people— best are not entering science and engineering or. If they do, 
are kept for university . 

Concern whether other sectors will compensate for decrease in industrial fundamental research. 

Fundamental research In industry has become too risky and has reduced future payoff. 

Concern over Federal pressures for shift to short-term and/or applied research. 

Need for planning and continuity for science and technology at national level. 

Lack of long-term capital and low profits result In shifts from more basic to short-term 

and/or applied research. 

Lack of recognition of relationships among basic research, applied research, development and 

innovation contributes to shift to short-term and/or applied research. 

Concern over low public confidence in and poor image of industrial corporations. 

Anti-trust and licensing regulations and other barriers to research and innovation. 

Need for coordination of research performers from all sectors. 

Genera! social climate including attitudes towards business, profits and science is not 

conducive to fundamental research in Industry. 

Random and illogical consumer "attacks" on products and practices do not favor long 

term deployment of personnel in basic research. 

Failure of public to recognize role of large corporations In innovation. 

Government acts as adversary to Industry. 

Technological obsolescence. 
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Table D-3.— Complete List of Issues Taken from Government Sector 



Need for co-ordinated research policy at the national level involving long-range planning, 
commitments and priorities. 

Increased emphasis on short-term research and neglect of basic research. 
Overmanagement as evidenced by too many restrictions, especially on longer term research. 
Need for increased or stable funding. 

Desire for improved personnel management (e.g., personnel changes, salary scales, staff 
levels, etc.). 

Need to maintain research staff vitality with more positions for young scientists and 
continuing education for older ones. 

Meeting public demand for justification of basic research programs with respect to mission. 

Lack of Congressional or Executive support and understanding of basic research. 

Balance between role of public and role of scientist in choosing applications of technology. 

Fear that science has become unattractive as a career. 

More funds needed for scientific equipment. 

Need for more interaction between government laboratories. 

Need for more interaction between government sector and other research sectors. 

Concern over decrease in the amount of "in-house" research. 

Need for improved general management skills. 



Table D-4.— Complete List of Issues Taken from Independent Research Institutes 



Need lor long-term continuity in funding. 

Lack of coherent national science policy especially toward IRTs. 

Need for adequate justification of research. 

Manpower needs— particularly in IRI's— as problems associated with multi-disciplinary 
efforts. 

Federal pressure toward over-direction of research with emphasis on short-term or applied 
research. 

Need for research funds including construction funds. 
Overemphasis on short-term or applied research. 

is the applied research-basic research distinction useful in explaining research? 

Problems about preferential distribution of research funds to other sectors. 

Need for continuing assessment of research quality at all institutions by means of peer 

review. 

Time to establish national priorities and associated research needs. 

Adv- --se effects of government regulations on research output (e.g., rulings on tax status, 

excessive accountability, etc.). 
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Appendix E 

RANK-ORDER TABLES OF ISSUES 
MENTIONED MOST FREQUENTLY 



This appendix contains four tables, each listing the 
issues reported most frequently by one of the sectors. 
On each table there are also columns representing 
different classes of respondents in that sector. The 
numbers in the columns represent the prominence 
that that class of respondents gave to each issue: "1" 
stands for the issue most frequently mentioned by 
that class of respondents in that sector, etc. In some 
cases, a column shows the same number for more 
than one issue, This indicates that all issues assigned 
the same number were mentioned with the same 
frequency. When a number is duplicated in a column, 
the next higher number does not appear. 

The numbers so assigned are the rank-orders of 
each issue with respect to each class of respondents, 
Some columns represent various combined classeij of 
respondents, and each sector has a column that 
represents all respondents from that sector com- 
bined. 

In some columns only a few issues are given rank 
orders, while ether columns assign numbers to many 
more issues. The general rule for this, outside the 
university sector, was to assign a rank order to each 
issue whose frequency was at least a third of the 
frequency of the first-ranked issue in that column. 
This rule was modified in the case of columns 
representing relatively small groups of respondents, 
in which the cut-off was one half the frequency of the 
first-ranked issue. The rule was also modified 
slightly to leave a fairly large gap, when possible, 
between frequencies of the issues that were 
numbered and those lhal were not. 

A simpler rule was used in the university sector. 
There, each column shows the eight issues mentioned 
most frequently by each class of respondent, The 
exception was the mntheniatical sciences, where 
there were not enough respondents to allow eight 
significant issues to be distinguished. 



In the university sector, the respondents are 
divided according to their title and the Carnegie 
Research University classification of their institu- 
tion. In addition, the department chairmen are 
classified according to the academic disciplines that 
they represent. Five broad classifications are used: 
engineering, mathematical sciences, physical 
sciences, life sciences, and social and behavioral 
sciences. All the responding chairmen's departments 
were classified under these headings, with the aid of 
the Final Department Code Book of the 1974 Graduate 
Science Student Support and Postdoctoral Survey. 
This is a listing of nemes of university departments 
that has been used for many years by the NSF's 
Division of Science Resources Studies. 

Many observations can be made about the different 
interests of the different classes of university 
respondents. For example, the presidents and the vice 
presidents for research seem to have had much the 
same interests, except that vice presidents were more 
concerned about the supply of research manpower. 
However, there are major differences between 
Research Universities I and II. The latter expressed a 
relatively high interest in institutional support, but a 
low interest in national coordination and planning. 
The Universities II also seem to have been more 
concerned about governmental and public attitudes 
toward science. 

Chairmen showed a lower interest in national 
planning, institutional support, or governmental and 
public attitudes. Rather, they were concerned about 
the problems relating to tenure and opportunities for 
younger faculty, as well as obtaining money for 
graduate education, and problems of their individual 
fields. Chairmen at Universities I expressed more 
interest in maintaining the supply of research 
manpower than did those at Universities II. At the 
same time, the latter were more interested in the 
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Table E-*1.— Leading Issues as Reported by University Respondents 





Order of Frequency of l^ention by 








Statement of Issue 


All Presidents Carnegie 1 
All and Vice Pres. and 
Respondents Presidents Vice Pres. 


Carnegie It 
Pres. and 
Vice Pres. 


All 

Presidents 


All \tir>n 

All Vice 
Presidents 
for Research 


Pressure for applied, overly targeted, 
rathpr thpn ba*?ic research 


1 1 1 


1 


1 


1 


Need for more continuity and sta- 
bility of funding, longer grants . . . 


2 2 2 


4 


2 


2 


Problems of younger faculty. 


3 


7 






Continued supply of research man- 


4 4 4 


6 


7 


2 


Need for more national coordination 
of research, more consistent 


5 3 3 




3 


4 


Support needed for graduate 


6 


7 






More research money or more basic 


7 8 6 




7 


7 


Public has negative attitude 
toward science and technology . . 


8 5 8 


3 


4 


6 


Government has negative attitude 
toward science anci technology . . 


6 7 


4 


4 


7 


Funds needed for research 


Teaching and other duties take 


More research support needed 


6 


1 


6 


5 


Problems of individual fields . 


Excessive demands by government 


5 








Fewer or less capable 










Areas for applied research 


Number of respondents 


425 147 81 


66 


75 


72 



pressuros thnt tenchinR and ndminislralive loads put 
upon the research effort and in proposing practical 
areas in which research is needed. 

Anions the departments, engineering was relative- 
ly quite unconcerned about pressures In do applied 



rather than hasic research. Interest in the future 
supply of research manpower was greatest among 
those in the physical and life sciences. Respondents 
in the mathematical and life sciences were most 
concerned about public altitudes. Engineers were 
most concerned about a need for more money or more 
basic research. Social nnti behavioral scientists 
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^" Mathematical Physical 

Department Carnegie I Carnegie II Engineering Sciences Sciences 
Chairmen Chairmer> Chairmen Chairmen Chairmen Chairmen 



Life Social and 
Sciences Behav. Scl. 
Chairmen Chairmen 



17 3 1 



2 


3 


2 


1 




3 


3 


3 


3 


2 


3 


3 


1 


2 


2 


7 


4 


4 




7 




4 


4 




8 


6 








7 


6 




5 


5 


6 


2 




5 


6 


8 


7 


7 




3 








5 










3 




5 






6 






4 








8 


4 




6 


7 


8 




1 






1 








6 


6 




8 










4 


3 








6 


278 


167 


111 


56 


13 


88 


59 


62 



showed the lenst interest in the problems of young 
facuhy and tenure. Engineers had the greatest 
interest in the avaihibility of funds for graduate 
programs. Mathematical scientists (who were not 
very numerous among our respondents) and social 
scientists were the ones who most often expressed 
concerns about their individual fields. In the latter 



case, these often had to do with a perceived need for 
long-lerm projects to collect and store data, 
Engineers and social scientists most often suggested 
application areas for research. Social scientists were 
especially concerned about pressures placed on 
research by the rest of Ihe education program. 
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ERIC 



Table Leading Issues as Reported by Industry Respondents 

' Order of Frequency of (Mention by 



All 

Respond- Vice Pres. and 

ents Presidents Dirs. of R&D 



Government regulations and controls (unreasonable, 
not thought out, no cost/benefit/risk analysis) 

Absence of national science and technology 

policy, priorities or goals 

Near-term relevance is only research objective (due to 
government regulations or decentralization of research 

to profit centers) 

General economic conditions, particularly inflation 
in salaries and laboratory costs, lead >^ decreases 
in fundamental research in industry 

Low pubHc confidence in and/or poor imags of 
science,"H^-chnolc:igy, research or scientists 

Lack of -Bv3ilabilT^ of money, low profitabilrv 

or ob stages to capital formation lead to 

decreases ^n fundamental research in indust^/ 

Concern;t,ver general decrease in fundamental 

and other ^research in industry 

Deteriorartrin? patent protection or patent policy is a 
disincentive to industrial research and innovation 

Too few/too many scientific and technical personnel- 
no match with need-lack of national policy on 
scientific and technical personnel 

Competing R&D functions (e.g., applied research or 
development in response to government regulations) 
decrease fundamental research in Industry 

Concern about quality of new people— best are not 

entering science and engineering or, if they do. 

are kept for university 

Concern whether other sectors will compensate for 
decrease in industrial fundamental research 

Fundamental research in industry has become too 
risky and has reduced future payoff 

Concern over low public confidence in 

and poor image of industrial corporations 

Number of Respondents 



6 
6 
8 



10 



10 



3 
6 

4 
5 



1 



5 

3 

8 
7 
5 



123 



45 



10 

10 
10 
10 

78 
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Table E-3.— Leading Issues as Reported by Government and FFRDC Respondents 



ERIC 



Need for co-ordinated research policy at the 
national level i'lwlving loncjHrange planning, 
commitments; and priorities 



Increased emphasis on short-term research 
and neglect of baslc research 



Overmanagement. a^ evidenced by too many 
restrictions, especialiy orrJonger term research 

•Need for increased or staole funding 



Desire for improved perscnneJ management (e.g., 
personnel changes, satersrscales, staff levels, etc.) 

Need to maintain researcrr staff vitality with more 
positions for young sctemists;and continuing 
education forolder ones 



Meeting public demand for justification of basic research 
programs with respect to mission 



Lack of Congressional or Executive support and 
understanding of basic research 



More funds needed for scientific equipment . . 
Need for improved general management skills 



Order of Frequency of [Mention by 
Intra- 

All mural Federal FFRDC 
Re- Labor- Head- Labor- 
spond- atory quarters atory 
ents Directors Officials Directors 



Number of Respondents ' 55 



25 



22 
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Table E-4.— Leading Issues as Reported by Respondents from independent Research institutes 



Need for long-term continuity in funding 

Lack of coherent national science policy especially toward IRI's 
Need for an adequate justification of research 



Manpower needs— particularly in IRI's—as problems associated with 
multi-disciplinary efforts 



Federal pressure toward over-direction of research with emphasis 
on short-term or applied research 



Need for research funds including construction funds 

Overemphasis on short-term or appliedrresearch 

Is the applied research-basic research ctistinction useful in explaining 



Order of Frequency 
of Mention by 

Presidents and/or 
Directors 



5 
5 
7 



research? 



Number of Respondents 



21 
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